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ABSTRACT
A procedure has "been developed f o r  e x t r a c t io n  and 
f r a c t i o n a t i o n  of ac id  mucopolysaccharides of bovine muscle 
t i s s u e .  By means of both  a l k a l i  e x t r a c t io n  and enzymatic 
p r o t e o l y s i s ,  an average of 96$ of hexosamine co n ta in ing  
m a te r i a l  could be e x t r a c te d  from the muscle t i s s u e .  A fte r  
e x t r a c t io n  and co n c e n t ra t io n ,  anion exchange chromatography 
was used to  f r a c t i o n a t e  the  e x t ra c ted  hexosamine con ta in in g  
m a te r ia l  in to  "g lycopep tides"  (0.05 M NaCl f r a c t i o n ) ,  
hya lu ron ic  a c id  (0 .5  I  NaCl f r a c t i o n ) ,  and chondro i t in  and 
c h o n d ro i t in  s u l f a t e  (1 .25  M and 1 .5  M NaCl f r a c t i o n ) .  
Although at tem pts  were made to  f u r t h e r  p u r i fy  the  crude 
ac id  mucopolysaccharides, i t  was impossible  to  remove a l l  
n i t ro g e n  con ta in ing  contaminants .
The above methods were used to  c h a ra c te r iz e  the 
ac id  mucopolysaccharides o f  bovine muscle t i s s u e  and to 
s tudy the  r e l a t i o n s h i p  between v a r iou s  ac id  mucopolysac­
charide  f r a c t i o n s  and c e r t a i n  b io lo g ic a l  and q u a l i t y  
a t t r i b u t e s .  Longissimus d o rs i  (LD), semimembranosus (SM), 
and t r i c e p s  b r a c h i i  (TB) muscles from cows (3-5 yea rs  o l d ) , 
y e a r l in g  b u l l s  (15-18 months), and y e a r l in g  s t e e r s  (14-15 
months) were sampled w i th in  one hour a f t e r  death and a f t e r  
aging seven days. Hexosamine content  of the  s ev e ra l  f r a c ­
t i o n s  were compared between sexes, muscles, and time
viii
post-mortem. C o r re la t io n  c o e f f i c i e n t s  were determined be­
tween hexosamine con ten t  of v a r io u s  f r a c t i o n s  and water 
b ind ing  and shear va lue  ( t e n d e rn e s s ) .  No s i g n i f i c a n t  d i f ­
fe rences  were observed in  hexosamine co n ten t  of the  v a r io u s  
ac id  mucopolysaccharide f r a c t i o n s  between sexes or time 
post-mortem. In  g en e ra l  TB muscle >  SM > LD in  hexosamine 
c o n ten t .  However, only in  t o t a l  hexosamine and 1 .5  |  NaCl 
f r a c t i o n s  d id  s i g n i f i c a n t  (P <  0.05) d i f f e r e n c e s  occur with  
TB muscle con ta in in g  s i g n i f i c a n t l y  (P <  0 .05)  more hexosa­
mine in  th e s e  two f r a c t i o n s  than  SM and LD muscles. No 
s i g n i f i c a n t  c o r r e l a t i o n s  were observed between hexosamine 
con ten t  of va r iou s  f r a c t i o n s  and shear v a lu e .  Water b ind­
ing was s i g n i f i c a n t l y  (P <  0.05) c o r r e l a t e d  with  hexosamine 
con ten t  of 1 .25 M NaCl f r a c t i o n  of muscles sampled one hour 
post-mortem. No o th e r  c o r r e l a t i o n  c o e f f i c i e n t s  between 
water b ind ing  and hexosamine co n ten t  of v a r io u s  f r a c t i o n s  
were s i g n i f i c a n t .
Longissimus d o r s i  muscles from 16 y e a r l in g  s t e e r s  
w ith  extreme tenderness  d i f f e re n c e s  were sampled seven 
days post-mortem. Acid mucopolysaccharide f r a c t i o n s  from 
the tough group were compared to  those of the tend e r  group 
to  determine i f  t h e re  were observable d i f f e r e n c e s  in  ac id  
mucopolysaccharides between the  two groups.  Analysis  of 
the  da ta  showed no s i g n i f i c a n t  d i f f e re n c e s  in  hexosamine 
con ten t  o f  the  v a r io u s  f r a c t i o n s  between tough and tender  
LD m usc les .
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INTRODUCTION
In  re c e n t  y e a r s ,  much r e s e a rc h  e f f o r t  has "been d i­
r e c t e d  toward e lu c id a t in g  f a c t o r s  a f f e c t i n g  the. e a t in g  
q u a l i t y  of muscle or meat and meat p rod uc ts .  The l a r g e s t  
a re a  of re se a rc h  in  the f i e l d  of muscle q u a l i t y  has been 
d i r e c te d  toward s tudy ing  meat t e x t u r e .  Although much know­
ledge has been e lu c id a te d  re g a rd in g  f a c t o r s  in f lu en c in g  
meat t e x t u r e ,  t h e r e  are  b io l o g ic a l  p rocesses  ap pa ren t ly  
having s u b s t a n t i a l  e f f e c t  on meat t e x tu r e  t h a t  are  obscure.  
E x c e l le n t  reviews (H arr ison ,  e t  a l . ,  1959; Hedrick, 1965; 
Szczesniak and Torgeson, 1965; and Lawrie, 1966) have sum­
marized the  in f lu e n c e  of var ious  f a c t o r s  a f f e c t i n g  muscle 
as a food with p a r t i c u l a r  a t t e n t i o n  given to  t e x tu re  and 
p a l a t a b i l i t y .
One of the  f a c t o r s  s tu d ied  most and im p lica ted  as 
c o n t r i b u t in g  to  v a r i a t i o n s  in  meat t e x tu r e  has been the 
connect ive  t i s s u e s  a s s o c ia te d  w ith  muscle t i s s u e .  Volumi­
nous l i t e r a t u r e  has been pub l ished  reg a rd in g  the r o l e  of 
connect ive  t i s s u e s  in  meat t e x tu r e ;  however, only r e c e n t l y  
has th e r e  been much agreement reg a rd in g  the  r e l a t i o n s h i p  
of. connective t i s s u e s  to  the  o v e r a l l  sensory  a t t r i b u t e  of 
muscle as a food. Many r e s e a r c h e r s  have r e p o r te d  t e x tu re  
to  be in v e r s e ly  r e l a t e d  to t o t a l  a l k a l i  in so lu b le  co l lag en
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p resen t  in  muscle and r e s i d u a l  a l k a l i  in s o lu b le  co l lagen  
a f t e r  cooking (Husa in i ,  e t  a l . ,  1950; Irw in  and Cover,
1959; and R itchey,  e t  a l . ,  1963). Other r e s e a rc h e r s  
(H erschberger , e t  a l . ,  1951> and McClain, e t  a l . ,  1965) 
have r e p o r t e d  th a t  n e i t h e r  t o t a l  a l k a l i  in s o lu b le  c o l l a ­
gen, so lu b le  co l lag en ,  nor r e s i d u a l  a l k a l i  in so lu b le  co l ­
lagen could account f o r  observed d i f f e r e n c e s  in  tenderness  
of animals of extreme tenderness  v a r i a t i o n  or changes in  
tenderness  post-mortem. Generally  speaking, most meat 
r e se a rc h e r s  concede t h a t  connect ive  t i s s u e s  in f lu ence  
"background" t e x tu re  of muscle, bu t  o the r  f a c t o r s  and 
p h y s io lo g ic a l  v a r i a t i o n  in  connective  t i s s u e  components, 
may a lso  in f lu en ce  t h i s  q u a l i t y  a t t r i b u t e .
Recen tly  th e re  has been an in c re ase  in  i n t e r e s t  
toward the  r e l a t i o n s h i p  between some of th e  components of 
connective t i s s u e  o th e r  than  a l k a l i  in s o lu b le  co l lagen  
( i . e . ,  r e t i c u l a r  f i b e r s ,  mast c e l l s ,  s a l t - a n d - a c id - s o lu b l e  
co l lagen ,  and ground substances)  and the  t e x tu r e  of muscle 
(M il le r  and K a s t e l i c ,  1956; Mullins and C lark ,  1961; 
McIntosh and C ar l in ,  1963; and McClain, 1965).
Research a t  L o u is ian a  S ta te  U n iv e r s i ty  has been 
undertaken to  study the  r e l a t i o n s h i p s  between these  com­
ponents and muscle t e x t u r e .  The o b je c t iv e s  of t h i s  study 
were: 1) to  modify or develop a procedure s u i t a b le  fo r
the s tudy of the a c id  mucopolysaccharides of the  ground 
substance found in s k e l e t a l  muscle, and 2) to i n v e s t ig a t e
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the  r e l a t i o n s h i p s  between ac id  mucopolysaccharides found 
in  muscle to  f a c t o r s  a s s o c i a t e d  with e a t in g  q u a l i t i e s  of 
muscle, namely t e x tu r e  and water  b ind ing  p r o p e r t i e s .
REVIEW OP LITERATURE
Voluminous l i t e r a t u r e  has appeared re g a rd in g  the 
s t r u c t u r e  and fu nc t ion  of a c id  mucopolysaccharides of c e r ­
t a i n  connective  t i s s u e s .  Among the more re c e n t  a u th o r i ­
t a t i v e  sources  of in fo rm ation  are the fo llowing:  Tun­
b r idge ,  1957; Olark and Grant, 1961; Brimacombe and 
Webber, 1964; Hall ,  1964; Symposium, 1964; Proceedings 
of an Advanced Study I n s t i t u t e ,  1965.
Biology and Punction of Acid Mucopolysaccharides
I t  i s  recognized  t h a t  the body i s  made up of m i l ­
l i o n s  of c e l l s  working to g e th e r  to form a h ig h ly  orga­
n ized  and i n t r i c a t e  b io lo g ic a l  system. Surrounding each 
of these  c e l l s  i s  a f i n e  network of connective  t i s s u e  
f i b e r s  embedded in  an aqueous m a te r ia l  commonly r e f e r r e d  
to as ground substance .  I t  i s  in  ju x ta p o s i t io n  to  t h i s  
ground substance t h a t  c e l l s  ca r ry  out t h e i r  b io lo g ic a l  
p rocesses ,  and a l l  m a t te r  en te r in g  or l e av in g  the  c e l l s  
must pass through i t .  This amorphous phase i s  a v iscous  
l i q u i d  c o n s i s t in g  of water and one or u s u a l ly  more than 
one of the var ious  mucopolysaccharides complexed with  pro­
t e i n  and con ta in ing  small amounts of o ther  m a te r i a l s .  
Probably the  most im portant  components of the  ground sub­
s tance  a re  mucopolysaccharides. Since mucopolysaccharides
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are  in t im a te ly  a s s o c ia te d  with, the  c e l l s  of the body, i t  
i s  t e n a b le  t h a t  these  m a te r i a l s  could play im portant  r o l e s  
in  the  fu n c t io n s  of c e l l s  (Brimacombe and Webber, 1964)•
Extensive r e s e a rc h  has re v e a le d  the  s t r u c t u r e  of 
many of  the  mucopolysaccharides and r e s u l t e d  in b e t t e r  
unders tand ing  of t h e i r  chemical and p h y s ica l  p r o p e r t i e s .  
Much of  the re se a rc h  on mucopolysaccharides has been con­
ducted us ing  a p u r i f i e d  form of mucopolysaccharides, and 
t h e i r  exact  r o l e  in v ivo  can only be i n t e r p o l a t e d  from 
r e s u l t s  of in  v i t r o  s t u d i e s .  Furthermore, most of the  in  
v i t r o  work involved p u r i f i e d  sources of connective t i s s u e  
such as sk in ,  a o r ta ,  c a r t i l a g e ,  or  u m b il ica l  cord. Due to  
the exceedingly  complex n a tu re  of the mucopolysaccharides, 
r e s e a rc h  by n e c e s s i ty  has been l i m i t e d  to such c o n d i t io n s .
Mucopolysaccharides are  very  la rg e  molecular weight 
ca rbohydra tes  con ta in in g  uronic  a c id  and a c e ty la t e d  hex­
osamine t h a t  may or may no t  be s u l f a t e d .  These two mono­
sacch ar id es  form a r e p e a t in g  d isacchar ide  t h a t  polymerizes 
in to  h igh  molecular weight po lysaccharide  (Muir, 1964). 
Because of the  carboxyl and s u l f a t e  groups, they have a 
la rg e  number of n eg a t ive  charges r a t h e r  uniformly spaced 
along the l e n g th  of th e  molecule. These charges give the  
mucopolysaccharide one of i t s  very  im portan t  c h a r a c t e r i s ­
t i c s :  t h a t  of a polyanion or macroanion (Rogers, 1961).
Each of the n eg a t iv e  charges on the mucopolysac­
char ide  molecule i s  always accompanied by a ca t ion
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r e f e r r e d  to  as a co u n te r io n .  This l a rg e  number of  an ion ic  
groups g ives  the  molecule the  p roper ty  o f  a modified ion  
exchanger or weak e l e c t r o l y t e ;  t h a t  i s ,  no t  a l l  the  counter  
ions are  a l t o g e th e r  f r e e  of the  molecule, bu t  may be ex­
changed by o ther  ions  under s p e c i f i c  c o n d i t io n s .  Normally,
i f  Na+ and K+ are th e  coun te r  ions ,  about 50# are  so
2+t i g h t l y  bound as to  be osm ot ica l ly  i n a c t i v e .  I f  Ca or 
2+Mg are  the  counter  io n s ,  a l a r g e r  percen tage  of the 
c a t io n s  are  t i g h t l y  bound (Farber  and Schubert,  1957).
p .
A ldrich  (1958) r e p o r te d  Ca was so t i g h t l y  bound to  h y a l ­
u ron ic  a c id  t h a t  i t  was no t  e a s i l y  re p la c e d  by e i t h e r  Na+ 
or K+ .
Severa l  i n v e s t i g a t o r s  have p o s tu la te d  a r o l e  f o r  
c h o n d ro i t in  s u l f a t e  in  th e  c a l c i f i c a t i o n  of bone. Lacroix
(1956) has suggested t h a t  c a l c i f i c a t i o n  in  bone was asso ­
c i a t e d  w ith  a change in  the  ground subs tance .  Rubin and 
Howard (1950) demonstrated t h a t  where c a l c i f i c a t i o n  was 
imminent in  the  bone, the- ground substance  s t a in e d  meta- 
c h ro m a t ica l ly  with  t o l u id i n e  b lu e .  A change in  the  aggre­
g a t io n  s t a t e  or c o n c e n t ra t io n  of ch o n d ro i t in  s u l f a t e  was 
observed which would sugges t  an i n t e r a c t i o n  between muco­
p o ly saccha r id es  of the  m a tr ix  and calcium. M i l le r  e t  a l . 
(1952) and Sobel and Burger (1954) observed t h a t  under
c e r t a i n  co n d i t io ns  t o l u id i n e  blue r e v e r s i b l y  i n h ib i t e d
2 +c a l c i f i c a t i o n .  This i n d ic a te d  t h a t  Oa and to lu id in e  
blue compete fo r  th e  same b inding  s i t e s  in  the  m atr ix ,
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which i s  the  ch o n d ro i t in  s u l f a t e  molecule.
S i lv e r  e t  a l . (1957) suggested  ground substance and 
r e l a t e d  f i b e r s  to  be a major r e s e r v o i r  f o r  Na+, and t h i s  
Na+ a f f e c t e d  the p h y s ica l  p r o p e r t i e s  of the  connective  
t i s s u e  in  blood v e s s e l s .  Abood and Abul-Haj (1956) postu ­
l a t e d  t h a t  h ya lu ron ic  a c id  may co n t ro l  the r e l e a s e  of Na+ 
and K+ in  the nerve through de- and r e -p o ly m e r iz a t io n  of 
the  molecule .  Dunston (1962) observed t h a t  th e  degree of 
po lym eriza t ion  a f f e c t e d  the s t r e n g th  of e l e c t r o s t a t i c  
bonding of c a t io n s ,  and t h a t  b inding was a l t e r e d  when 
mucopolysaccharides were complexed w ith  a p r o t e in .  There­
fo re ,  mucopolysaccharides may play a very  im portant  r o l e  
as ion exchangers in  th e  t i s s u e ,  a c t in g  e i t h e r  as a r e s e r ­
v o i r  f o r  s p e c i f i c  ions or by c o n t r o l l i n g  t h e i r  movement 
ac ross  membranes.
Another im portan t  fu n c t io n  of mucopolysaccharides 
i s  t h e i r  r o l e  as d i f fu s e  m olecules .  Mucopolysaccharides, 
e s p e c i a l l y  hya lu ron ic  ac id ,  are  very d i f fu s e  molecules,  
occupying a volume many times as l a rg e  as t h e i r  a c tu a l  
s i z e .  Schubert (1964) e s t im a ted  t h a t  hya lu ron ic  ac id  oc­
cupied a space 25,000 times as l a rg e  as an equal weight of 
c o l la g e n .  Ogston and Phelps (1961) sugges ted  the s i z e  of 
hya lu ron ic  ac id  to  be 10-15 l i t e r s  per  gram. This r e s u l t s  
in  c e r t a i n  p hy s ica l  c h a r a c t e r i s t i c s  of mucopolysaccharides 
such as h igh  water b inding  cap ac i ty  and c o n t ro l  of d i f f u ­
s ion .
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Day (1952) demonstrated mucopolysaccharides to  he 
re s p o n s ib le  f o r  the co n t ro l  of d i f fu s io n  through membranes 
in  the  animal body. Ogston and Sherman (1961) demon­
s t r a t e d  t h a t  hya lu ron ic  a c id  not only a c t s  to c o n t ro l  
d i f fu s io n  across  membranes, bu t  a l so  slows the r a t e  of 
d i f fu s io n  in th e  absence of connective t i s s u e  f i b e r s .  
Laurent and P ie t ru szk iew icz  (1961) have shown s im i l a r  r e ­
l a t i o n s h i p s  between hy a lu ro n ic  ac id  and the  sed im enta t ion  
r a t e  of the  v a r io u s  s iz e d  molecules .
Mucopolysaccharides a lso  fu n c t io n  as d i f fu se  mole­
cu les  in  t h e i r  e f f e c t  on equ i l ib r ium  and homeostasip of 
the  c e l l s  and e x t r a c e l l u l a r  spaces .  I t  has been e s tab ­
l i s h e d  t h a t  mucopolysaccharides are capable of binding 
l a rg e  amounts o f  w ater .  Rhinehart  and Abul-Haj (1951) 
found a d i r e c t  c o r r e l a t i o n  between water con ten t  of sex 
sk in  of monkeys and mucopolysaccharide co n ten t .  P e s s le r
(1957) r e p o r t e d  t h a t  when hyaluron ic  ac id  was added to  
sa l t ,  .soluble co l lag en ,  incubated ,  and u l t r a c e n t r i f u g e d ,  
the  co l lagen  " p i l l "  formed was much l a r g e r  than t h a t  from 
c o n t ro l s  con ta in ing  no hya lu ron ic  a c id .  This was a r e ­
s u l t  of water trapped  by th e  hyalu ron ic  a c id  in  the c o l l a ­
gen network. I t  was p o s tu la t e d  t h a t  mucopolysaccharides 
were r e s p o n s ib le  f o r  the  i n t e g r i t y  of connective  t i s s u e  as 
a r e s u l t  of b inding  i n t e r s t i t i a l  w ate r .  This b inding  was 
not  n e c e s s a r i l y  a chemical type b ind ing .
Ogston and Phelps (1961) demonstrated hyalu ron ic
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ac id  to  a lso  have a co n s ide rab le  e f f e c t  on equ i l ib r ium  by 
reducing the  osm otica l ly  a c t iv e  f l u i d .  I t  was demon­
s t r a t e d  t h a t  hyaluronic  a c id  e f f e c t i v e l y  removed a por­
t io n  of the  f l u i d  volume from the o sm o tica l ly  a c t iv e  
volume, and a c t iv e ly  preven ted  d i f fu s io n  in to  i t s  domain.
Mucopolysaccharides have been p o s tu la t e d  to  regu­
l a t e  or i n h i b i t  enzymes. Spensley and Rogers (1956) pos­
t u l a t e d  t h a t  s ince  s y n th e t i c  macroanions can i n h i b i t  en­
zyme a c t io n ,  then n a t u r a l l y  occurr ing  macroanions such as 
mucopolysaccharides may have s im i la r  e f f e c t s .  Limited 
data  have in d ic a te d  t h a t  h epa r in  and a c e ty la t e d  hya lu ron ic  
ac id  i n a c t i v a t e d  or i n h i b i t e d  c e r t a i n  enzymes.
Mucopolysaccharides and Muscle Texture
Severa l  f a c to r s  g e n e ra l ly  known to a f f e c t  muscle 
t e x tu re  may a lso  cause s i g n i f i c a n t  changes in  ac id  muco­
p o ly sacch ar id es .  Thomas' (1956) demonstrated t h a t  when 
papain was in j e c te d  in to  r a b b i t s ,  p a r t s  of the  animal de­
pendent upon c a r t i l a g e  f o r  s t r u c t u r a l  support  tended to 
c o l la p s e .  This c o l lap se  was accompanied by a l o s s  of 
mucopolysaccharides of th e  c a r t i l a g e  m a t r ix .  Although 
v i s i b l e  changes were no t  ev iden t  f o r  th r e e  hours ,  the 
papain was not  a c t iv e  f i f t e e n  minutes a f t e r  i n j e c t i o n ,  i n ­
d ic a t in g  t h a t  the a c t io n  of the  papain on the  mucopolysac­
cha r ides  was very r a p id .  McIntosh and C a r l in  (1963) 
found papain p re p a ra t io n s  to  have a g r e a t e r  e f f e c t  on
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co l lag en  and mucoproteins of muscle than any of th e  o th e r  
p ro te in s  of the  muscle... McIntosh (1967) r e p o r t e d  t h a t  
post-mortem aging of muscle t i s s u e  and t r ea tm en t  with 
papain r e s u l t e d  in  s i m i l a r  changes in  the  mucoprotein 
f r a c t i o n  of muscle p r o t e i n s .  I t  was sugges ted  t h a t  muco­
p ro te in  breakdown may be a f a c t o r  in  in c re a s e d  tenderness  
as a r e s u l t  of e i t h e r  post-mortem aging or t rea tm en t  w ith  
p ap a in -co n ta in in g  t e n d e r i z e r s .
C e r ta in  hormones have been r e p o r t e d  to  be r e l a t e d  
to  bo th  mucopolysaccharides and meat t e x t u r e .  McIntosh e t  
a l . (1961) found t h a t  s t i l b e s t r o l  a d m in i s t r a t io n  to  lambs 
was accompanied by a s i g n i f i c a n t  l i n e a r  in c re a se  in  muco­
p ro te in  hexosamine co n te n t  of th e  long iss im us  d o rs i  
muscle and a subsequent decrease  in  the  tend e rness  of l e g  
muscles.  These changes were d i r e c t l y  p ro p o r t io n a l  to the  
'amount of hormone a d m in is te red .  ■ .
Simone e t  a l . (1958) r e p o r te d  t h a t  s t i l b e s t r o l ,  
when fe d  or implanted in  s t e e r s ,  r e s u l t e d  in  l e s s  tender  
meat than  c o n t ro l s  of comparable f i n i s h .  Conversely, Paul 
(1962) found t h a t  s t i l b e s t r o l  in  feed  did  no t  a f f e c t  t e n ­
derness of meat.
S c h i l l e r  and Dorfman (1957), Ashboe-Hansen (1952), 
R ie n i t s  ( i9 6 0 ) ,  Thomas (1956), and Boas (1949) r e p o r te d  
c e r t a i n  s t e r o i d  hormones ( c o r t i s o n e ,  h y d ro c o r t iso n e ,  pro­
g es te ro n e ,  oes trogen ,  and t e s to s t e r o n e )  to  e x h ib i t  s p e c i ­
f i c  e f f e c t s  on mucopolysaccharides.  Hatch (1962) found
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t h a t  t e s t o s t e r o n e  decreased ten derness  and inc reased  
c o o le r  sh r in k  when implanted in  y e a r l in g  s t e e r s .  Clark 
(1962) demonstrated the  i n j e c t i o n  of p rogeste rone ,  desoxy- 
c o r t i c o s te r o n e  a c e t a t e ,  e s t ro g en s ,  and hydrocor t isone  to  
s i g n i f i c a n t l y  in c re ase  muscle shear va lues  in  c a t t l e  over 
t h a t  of n o n - in je c te d  c o n t r o l s .
Other s p e c i f i c  f a c t o r s  r e l a t e d  to  mucopolysaccha­
r i d e s  and meat t e x tu r e  have "been r e p o r te d .  Wierbicki e t  
a l . (1954) and Arnold e t  a l . (1956) in d ic a te d  ca t io n s  to  
in f luen ce  tenderness  by movement of these  ions  w ith in  the  
muscle. Mucopolysaccharides in f lu en ced  t h i s  ac t io n  by 
a c t in g  as a modified ion exchanger. McIntosh (1961) r e ­
p o r ted  a n eg a t iv e  c o r r e l a t i o n  between the amount of the 
th re e  connective  t i s s u e  components ( e l a s t i n ,  co l lagen ,  and 
mucoprotein) and r e l a t i v e  tenderness  of r e p r e s e n ta t iv e  
muscles w i th in  an animal.
E x t r a c t io n  of Acid Mucopolysaccharides
Numerous procedures f o r  s tudying  a c id  mucopolysac­
cha r ides  in  c e r t a i n  t i s s u e s  have been pub l ished .  These 
methods have v a r ie d  from measuring t o t a l  co n c en tra t io ns  of 
hexosamine or o ther  monosaccharides p re se n t  ( A nas ta ss iad is  
and Common, 1953) to very  e la b o ra te  procedures  fo r  the 
f r a c t i o n a t i o n  of the  component p o ly sacch ar id es  ( S c h i l l e r  
e t  a l . ,  1954). E x t ra c t io n  methods have ranged  from ex­
t r a c t i o n  with  cold water or n e u t r a l  s a l t  s o lu t io n s  (Toole
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and Lowther, 1966) to  e x t r a c t in g  the  t i s s u e  w i th  a l k a l i ,  
ac id ,  o rgan ic  s o lv e n ts ,  d ig e s t in g  w ith  p r o t e o l y t i c  en­
zymes, h e a t in g ,  or a combination of any of the  above 
( S c o t t ,  I96 0 ) .
The most accep tab le  procedure depends p r im a r i ly  
upon the  t i s s u e  type being  e x t r a c te d  and the  u l t im a te  ob­
j e c t i v e  of the s tudy.  McIntosh (1965) r e p o r t e d  a proce­
dure f o r  the  i s o l a t i o n  of mucoprotein in  bovine s k e l e t a l  
muscle us ing  10$ OaClg, pH 7•6, and a t  4°C. P re­
e x t r a c t io n  was made w ith  0 .6  M KOI in  which approximately  
50$ of the  o r ig in a l  hexosamine of the  f r e s h  t i s s u e  was ex­
t r a c t e d .  Less than 10$ of the  remaining hexosamine con­
t a i n i n g  m a te r i a l  was e x t r a c te d  from the  stroma r e s id u e .  
Although the  e x t r a c t i o n  method removed only a small por- .  
t i o n  of the  t o t a l  hexosamine, the  mucoprotein f r a c t i o n  ex­
t r a c t e d  was probably degraded very l i t t l e ,  i f  a t  a l l .  The 
purpose of the  above s tudy was to  c h a r a c t e r i z e  t h i s  muco­
p ro te in  in  the  n a t iv e  s t a t e  (McIntosh, 1966).
Toole and Lowther (1965) e x t r a c te d  about 50$ of the 
hexosamine co n ta in in g  m a te r i a l  in  bovine h id es  with  water 
and 1 M NaCl. Only about o n e - th i rd  of the  remaining hex- 
osaraine co n ta in in g  m a te r i a l  could be removed w ith  6 M u rea  
and the  r e s i d u a l  mucopolysaccharides were r e le a s e d  only 
a f t e r  p r o t e o l y t i c  d ig e s t io n .  Lowther e t  a l . (1967) r e ­
ce n t ly  r e p o r t e d  a procedure in  which approximately  90$ of 
the  hexosamine con ta in in g  m a te r ia l  could be e x t r a c te d  from
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bovine h e a r t  v a lves  w ith  water and 1 M NaCl combined w ith  
p r o t e o l y t i c  d ig e s t io n  of the  e x t r a c t s .  However, a p o r t io n  
of th e  mucopolysaccharides could no t  be removed from the 
r e s i d u e .
Other r e s e a r c h e r s  have used a l k a l i n e  e x t r a c t io n  in  
con junc t ion  w ith  p r o t e o l y t i c  d ig e s t io n  in  o rder  to e x t r a c t  
mucopolysaccharides from v a r io u s  t i s s u e s .  S c h i l l e r  (1959) 
used 0 .5  N NaOH to  e x t r a c t  mucopolysaccharides from the 
oviduct  of ch ick s .  In  o the r  r e p o r t s  ( S c h i l l e r  e t  a l . ,
1954; S c h i l l e r  e t  a l . ,  1961), procedures  are  given f o r  ex­
t r a c t i o n  of a c id  mucopolysaccharides from sk in  us ing  0 .5  N 
NaOH and p r o t e o l y t i c  d ig e s t io n .  A l la lo u f  e t  a l . (1964) 
r e p o r te d  use of 0 .5  N NaOH and p r o t e o l y t i c  enzymes f o r  ex­
t r a c t i o n  of a c id  mucopolysaccharides from r a t  k idneys .
Sco t t  ( i960) suggested  the  most genera l  procedures f o r  ex­
t r a c t i o n  of a c id ic  p o ly sacch a r ides  from t i s s u e  to  involve  
the  use of NaOH, p r o t e o l y t i c  enzymes, or bo th .
F ra c t io n a t io n  of Acid Mucopolysaccharides
Severa l  methods f o r  the  f r a c t i o n a t i o n  of ac id  muco­
po ly saccha r id es  have been r e p o r t e d .  Some methods a re  
q u a l i t a t i v e ,  o th e rs  a re  q u a n t i t a t i v e  and-almost a l l  methods 
involve the  s e p a ra t io n  of mucopolysaccharides r a t h e r  than 
m ucopro te ins .
S co t t  ( i960) p ub l ish ed  a review on procedures fo r  
the  f r a c t i o n a t i o n  of a c id ic  po lysacchar ides  us ing  a l i p h a t i c
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ammonium s a l t s .  Methods were suggested  f o r  f r a c t i o n a t i o n  
and p a r t i a l  p u r i f i c a t i o n  of mucopolysaccharides us ing  
qua te rnary  ammonium s a l t s .  S c h i l l e r  e t  a l . (1961) r e p o r t e d  
s a t i s f a c t o r y  se p a ra t io n  of mucopolysaccharides of r a t  sk in  
using c e ty l  pyridinium c h lo r id e  or chromatography on Dowex 
ion exchange r e s i n . ' A l la lo u f  e t  a l . (1964) sep a ra ted  a c id  
mucopolysaccharides of r a t  kidneys w ith  c e ty l  pyridinium 
ch lo r id e  and hy chromatographing on ECTEOLA-cellulose and 
BEAE Sephadex.
Kern and B r a s s i l  (1967) f r a c t i o n a t e d  the  mucopro- 
t e i n s  of bovine co rnea l  stroma by chromatographing on 
DEAE-cellulose, by zone e l e c t r o p h o r e s i s ,  and by d en s i ty  
g ra d ie n t  c e n t r i f u g a t io n .
Other r e s e a rc h e r s  have used e le c t r o p h o re s i s  f o r  
q u a l i t a t i v e  s e p a ra t io n  of a c id  mucopolysaccharides.
S c h i l l e r  (1959) employed zone e l e c t r o p h o r e s i s  to  se p a ra te  
mucopolysaccharides of chick o v idu c ts .  Toole and Lowther 
(1966) s e p a ra te d  mucopolysaccharides of bovine hide by 
e l e c t r o p h o re s i s  on c e l l u l o s e  a c e ta t e  paper.  S c h i l l e r  e t  
a l . (1959) sepa ra ted  mucopolysaccharides of r a b b i t  sk in  
in to  two major f r a c t i o n s  u s ing  s lab  e l e c t r o p h o r e s i s .
In  t h i s  study an e f f o r t  was made to  e lu c id a te  the  
r e l a t i o n s h i p  between mucopolysaccharides of bee f  muscle to  
f a c t o r s  a s s o c ia te d  w ith  t e x tu r e  and water  b ind ing  p roper­
t i e s  by employing a m o d i f ic a t io n  of e x i s t i n g  procedures  fo r  
mucopolysaccharide e x t r a c t i o n  of d e f a t t e d ,  dehydrated 
muscle .
MATERIALS AND METHODS
S e le c t io n  of Animals
Three y e a r l in g  h u l l s  (15-18 months), th re e  young 
cows (3-5  y e a r s ) ,  and th r e e  y e a r l in g  s t e e r s  (14-15 months) 
were used i n  s tudying  the  r e l a t i o n s h i p  between sex, 
muscle, and post-mortem aging and a c id  mucopolysaccharide 
co n ten t  o f  s t r i a t e d  s k e l e t a l  muscle. Animals used were of 
v a r io u s  b ee f  breeds bu t  of s im i l a r  weight and grade. Car­
casses  from these  animals weighed 225 to  300 kg and graded 
high good to  low cho ice .
S ix teen  o the r  c a rc a s s e s  were s e l e c t e d  on the  b a s i s  
of ten d e rn es s  of the  long iss im us  d o rs i  (LD) muscle f o r  
s tudy ing  th e  r e l a t i o n s h i p  between tend e rness  seven days 
post-mortem and ac id .m ucopolysaccharide  co n te n t .  These 
ca rca sse s  were from y e a r l in g  s t e e r s  (14-16 months) of 
known h i s t o r y  t h a t  had been l o t - f e d  to  weights  of 400 to 
550 kg. All  c a rcasse s  used graded good to  choice and 
f i n a l  s e l e c t i o n  was based on shear va lue  of the  LD muscle 
a t  the  12 th  r i b  from th e  r i g h t  s id e  seven days pos t ­
mortem. Carcasses w ith  a shea r  va lue  fo r  th e  LD muscle 
below 9*0 kg fo r  a 2.54 cm core were c l a s s i f i e d  as tend e r ,  
while c a rc a s se s  with  shear va lues  of the  LD muscle g r e a t e r  
than 13 .6  kg were c l a s s i f i e d  as tough. Eight c a rcasse s
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were used in  each ten de rn ess  c l a s s i f i c a t i o n .
Sampling Method
The f i r s t  group of n ine  animals were sampled as 
soon as p o s s ib le  a f t e r  dea th ,  u su a l ly  l e s s  than  30 m inu tes .  
These samples were taken  from the l e f t  s ide  of the ca rc a s s  
and r e f e r r e d  to  as one hour samples. The r i g h t  s ide  of 
each ca rcass  was aged f o r  seven days a t  3°C befo re  sam­
p l in g .  Steaks 3.2 cm th ic k  were removed from the LD a t  
the 12th  r i b ;  the  a n t e r i o r  end of the  semimembranosus ( SM); 
and from the medial a rea  of the  t r i c e p s  b r a c h i i  (TB) f o r  
tenderness  ev a lu a t io n  us ing  the  Warner B r a t z l e r  shear  de­
v ic e .  Adjacent p o r t io n s  of muscle, approximately  1 kg, 
were removed f o r  chemical a n a ly s i s .
N ine ty -fou r  y e a r l in g  crossb red  s t e e r s  from a feed -  
l o t  s tudy  were s la u g h te re d  a t  a l o c a l  packing p la n t  and 
were processed  by conven tiona l  commercial p rocedures .
Three days a f t e r  s l a u g h te r ,  each ca rca ss  was r ib b ed  a t  the 
12th  th o ra c ic  v e r te b ra  and the  11th  and 12th  r i b  s e c t io n  
from each s id e  was removed and r e tu rn e d  to the  l a b o ra to r y  
where they were aged a t  3°C u n t i l  the  7 th  day post-mortem. 
Steaks 3.2 cm th ic k  were cut  from each 12th r i b  a rea  of 
the  r i g h t  s id e  fo r  cooking and tenderness  e v a lu a t io n .  The 
remainder of the  ID muscle p o r t io n  from r i g h t  and l e f t  r i b  
s e c t io n  was sampled f o r  subsequent chemical de te rm in a t io n .  
A fte r  tenderness  e v a lu a t io n  on each sample, c a rca sse s  w ith
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extreme sh ea r  va lues ,  > 1 3 . 6  kg or < 9 . 0  kg on a 2.54 cm 
core were i d e n t i f i e d  and samples were taken  f o r  chemical 
a n a l y s i s .
Sample P re p a ra t io n
Samples f o r  chemical de te rm ina t io ns  were trimmed of 
a l l  removable f a t  and connective  t i s s u e  and immediately 
ground tw ice  through a 0 .5  cm p l a t e  of a l a b o r a t o r y - s i z e  
e l e c t r i c  food g r in d e r .  A 100 g a l i q u o t  was p laced  in to  a 
g la s s  sample co n ta in e r  f o r  water  b ind ing  measurements.
The remaining sample was wrapped in  e x t r a  heavy aluminum 
f o i l ,  l a b e l e d ,  and immediately f rozen  a t  approximately  
-30°C, and s to re d  a t . - 1 8 ° 0  f o r  a c id  mucopolysaccharide, 
e x t r a c t io n .
Water Binding
Water binding, was determined on muscles us ing  a 
m o d i f ic a t io n  of the  procedure of W ierbicki  e t  a l . (1957).  
Twenty-five grams of f i n e l y  ground and thoroughly  mixed 
f r e s h  muscle was p laced  in  th e  upper p o r t io n  of a s p e c i a l l y  
designed c e n t r i f u g e  tub e .  Tubes were c lo sed  with a ven ted  
rubber s topper  and immersed to  9/10 the  l e n g th  of the tube 
in  a 70°C water ba th  fo r  30 m inutes .  A f te r  removing from 
water b a th ,  tubes  were a i r  cooled a t  25°C f o r  10 minutes 
and then c e n t r i fu g e d  a t  170 x g fo r  10 m inu tes .  The volume 
of ju ic e  l o s t  due to  h e a t in g  and c e n t r i f u g in g  was re ad  from 
g rad u a t io ns  on tube with the  a id  of a magnifying g l a s s .
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Cooking and Tenderness Eva lua t ion
Steaks s tan d a rd iz ed  to  3.2 cm th ic k  were immediately 
p laced  in to  deep f a t  p re v io u s ly  hea ted  to  a temperature  of 
135°C and cooked to  an i n t e r n a l  tem pera ture  of 70°C. The 
s teak s  were allowed to  cool a t  25°0 f o r  approximately  f i v e  
minutes .  Three cores ,  2.54 cm in  d iam eter ,  were removed 
from each s t e a k .  Each core was sheared  twice on a Warner- 
B r a t z l e r  shear  machine. The average of s ix  values  was r e ­
corded as the  shear  va lue  of each muscle.
E x t r a c t io n  of Acid Mucopolysaccharides
Frozen meat samples were thawed f o r  12 to  15 hours 
a t  3°C and the  e n t i r e  sample placed  in to  approximately 
2000 ml acetone and s t i r r e d  u n t i l  a l l  aggregates  were d i s ­
persed .  A f te r  about 4 hours ,  the  acetone was f i l t e r e d  o f f  
and the  t i s s u e  e x t r a c te d  w ith  two a d d i t i o n a l  changes of 
ace tone .  The sample along with  a l l  f i n e s  was p laced  in  a 
shallow t r a y  and d r ie d  under vacuum ( < 1 0  mm pre ssu re )  a t  
40°C u n t i l  f r e e  of ace tone .  A fter  dry ing , samples were 
ground through 20 and 40 mesh screens  on an in te rm ed ia te  
model Wiley m i l l .  The dry, ground samples were placed 
in to  g l a s s  sample b o t t l e s ,  packed under dry n i t ro g e n ,  and 
s to re d  a t  approximately  25°C u n t i l  used.
D uplica te  10 g samples were weighed in to  400 ml 
re a g e n t  j a r s  and suspended in  150 ml w a te r .  An a d d i t io n a l  
150 ml of 2 N NaOH was c a r e f u l l y  added while s t i r r i n g  to  
make 300 ml of 1 N NaOH. The samples were shaken f o r  48
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hours a t  25°C on a r o ta r y  m echanical sh ak e r .
A fte r  s o lu b i l i z in g  w ith  sodium hydrox ide , samples 
were n e u t r a l i z e d  to pH 7 . 1 -7 •8 w ith  42 .5$  phosphoric a c id .  
O ne-tenth  gram Pronase (Calbiochem) was added to  each 
sample along w ith  0 .2  ml of 17$ benzalkonium c h lo r id e .
The samples were p laced  q u a n t i t a t iv e ly  in to  ce llophane 
d ia ly s i s  hags and d ia ly zed  f o r  24 hours a t  40°C a g a in s t  
20 l i t e r s  o f 0 .1  M sodium phosphate b u f f e r ,  pH 7 .8 ,  con­
ta in in g  1 ml 17$ benzalkonium c h lo r id e .
A fte r  p r o te o ly t i c  d ig e s t io n ,  samples were q u a n t i t a ­
t i v e l y  t r a n s f e r r e d  to  po lye thy lene  beakers  and p ro te in s  
p r e c ip i t a t e d  by adding enough co n cen tra ted  t r i c h l o r o a c e t i c  
a c id  ( TCA) (1 .32  g /m l) , w ith  continuous s t i r r i n g ,  to  make 
a f i n a l  co n c e n tra t io n  of 12$ TCA. Approximately 10 g of 
c e l i t e  was added while s t i r r i n g  and the  m ix tu re  allowed to  
s tand  fo r  approxim ately  f iv e  m inutes. The m ixture  was 
f i l t e r e d  w ith  su c tio n  through Whatman #50 f i l t e r  paper.
The p ro te in  p r e c i p i t a t e  and c e l i t e  m ix tu re  was washed 
th re e  tim es w ith  50 ml p o r t io n s  of 12$ TCA and r e ta in e d  
fo r  h y d ro ly s is .  The e f f l ’ue'nt was immediately q u a n t i ta ­
t i v e l y  t r a n s f e r r e d  in to  ce llophane d i a l y s i s  bags and d ia ­
lyzed  a g a in s t  running ta p  w ater u n t i l  e s s e n t i a l l y  f r e e  of 
TCA and phosphate io n s .
A fte r  d i a ly s i s ,  the  e f f lu e n t  was q u a n t i t a t i v e ly  
t r a n s f e r r e d  in to  2000 ml round bottom ev ap o ra tio n  f l a s k s  
and evaporated  under reduced  p re ssu re  a t  55°~60°C to  a
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volume of about 600 ml. The sample was then  t r a n s f e r r e d  
q u a n t i t a t i v e ly  in to  a model 400 D iaflo  u l t r a f i l t r a t i o n  
c e l l  having an u l t r a f i l t r a t i o n  membrane w ith  a 10,000 
m olecu lar weight s o lu te  c u to f f .  Samples were co n c en tra ted  
under 6 .8  atmospheres of n i t ro g e n  to  a volume of 40 to  50 
ml. The sample was q u a n t i t a t i v e ly  t r a n s f e r r e d  to  a 100 ml 
v o lum etric  f l a s k  w ith  s e v e ra l  washings of d i s t i l l e d  w ate r . 
Samples were made to  volume and again  t r a n s f e r r e d  to  p la s ­
t i c  c o n ta in e r s ,  fro zen  and s to re d  a t  -18°C u n t i l  a c id  
m ucopolysaccharides could  be chromatographed.
Chromatography of Acid M ucopolysaccharides
Chromatography of a c id  m ucopolysaccharides was c a r ­
r i e d  out on anion exchange r e s i n ,  DEAE Sephadex A-25 
( p a r t i c l e  s iz e  40-120 ji) in  c h lo r id e  form. The Sephadex 
was p rep ared  fo r  chromatography by co n v e rtin g  i t  in to  the 
hydroxide form by s t i r r i n g  i t  in  0 .5  N NaOH fo r  th re e  to 
f iv e  m inutes and then  f i l t e r i n g .  I t  was reco n v er ted  to  
the  c h lo r id e  form by s t i r r i n g  f o r  th re e  to  f iv e  m inutes in  
0 .5  N HC1. A fte r  f i l t r a t i o n ,  th e  Sephadex was washed w ith  
0.05 M NaCI u n t i l  e f f l u e n t  pH was 5»0 or h ig h e r .  The r e s i n  
was suspended in  0 .05 M NaCI s a tu r a te d  w ith  chloroform  
u n t i l  columns were poured.
To p reven t c logg ing  by th e  r e s i n  a small pad of 
g la s s  wool was p laced  over the f r i t t e d  g la s s  d is k -o f  chro­
matography columns 20 mm in  d iam eter and 400 mm long . The
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tube was p a r t i a l l y  f i l l e d  w ith  0.05 M NaCI and the Sepha­
dex suspension  c a r e fu l ly  p ip e t te d  in to  the  column to  p re ­
v en t  bubble fo rm ation . Columns were poured to  a h e ig h t  of 
250 mm and approxim ately 2000 ml of 0 .05  M NaCI allowed to  
flow through the  column to  s t a b i l i z e  the  r e s i n  bed.
Crude ac id  mucopolysaccharide samples were allowed 
to  thaw and warm to  room tem pera tu re . F o rty  m i l l i l i t e r s  
of sample were p laced  in to  a sep a ra to ry  funnel and allow ed 
to  flow slowly onto the  r e s i n  bed. The funne l was washed 
w ith  50 ml of 0.05 M NaCI. When a l l  b u t about 10 ml had 
flowed in to  the  bed, the ta p  15-20 mm of the  bed was c a re ­
f u l l y  s t i r r e d  and allowed to  s e t t l e  to  p reven t form ation  
of a cake on the su rface  of the bed t h a t  would cause chan­
n e l in g .  An a d d i t io n a l  150 ml of 0 .05  M NaCI was added to 
the  column and c o l le c te d  w ith  the f i r s t  50 ml. The columns 
were e lu te d  stepw ise w ith  200 ml p o r t io n s  o f 0 .5  M, 1 .25  M,
1 .5  I ,  and 2.0 M NaCI.
Each f r a c t io n  was c o l le c te d  and q u a n t i t a t iv e ly  
t r a n s f e r r e d  to  ce llophane d ia ly s i s  tub ing  and d ia ly zed  
a g a in s t  ta p  w ater and d i s t i l l e d  water u n t i l  e s s e n t i a l l y  
f re e  of c h lo r id e  io n s .  Samples were co n c en tra ted  on a 
steam ta b le  to  5-10 ml and t r a n s f e r r e d  q u a n t i t a t i v e ly  to 
25 ml v o lu m etric  f la s k s  and made to  volume. Each sample 
was p laced  in  one-ounce p l a s t i c  b o t t l e s  and frozen  a t  -18°C 
u n t i l  n i t ro g e n  and hexosamine could be determ ined.
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Q u a n ti ta t io n  o f Hexosamine
Acid m ucopolysaccharide samples were analyzed fo r  
hexosamine con ten t acco rd ing  to  a m o d if ic a t io n  of the  
methods of Elson and Morgan (1948) and A n a s ta ss ia d is  and 
Common (1953). Each sample was hydrolyzed by suspending 
i t  in  1 .25 N HC1 and hyd ro lyz ing  f o r  th re e  hours a t  a tem­
p e ra tu re  of 121°C. A fte r  h y d ro ly s is ,  each sample, except 
f o r  p ro te in  p r e c i p i t a t e ,  was q u a n t i t a t iv e ly  t r a n s f e r r e d  to  
an ev ap o ra tio n  d ish  and reduced  to dryness on a steam 
ta b l e .  Samples were allow ed to  cool and e i t h e r  f iv e  or 
te n  m i l l i l i t e r s  of w ater p ip e t te d  in to  each d ish , depending 
upon the  sample, im m ediately covered w ith  a watch g la s s  and 
allow ed to  s tan d  f o r  20 to  30 m inutes. Samples were neu­
t r a l i z e d  to  p h en o lp h th a le in  end p o in t  w ith  one to  fo u r 
drops of 5 N NaOH and back t i t r a t e d  to  pale  pink w ith  one 
or two drops of 1 N HC1. The samples were t r a n s f e r r e d  to  
one-ounce p l a s t i c  b o t t l e s  u n t i l  hexosamine could be d e te r ­
mined. The p ro te in  p r e c i p i t a t e  h y d ro ly sa te  was f i l t e r e d  
w ith  a Whatman #1 f i l t e r  paper to  remove c e l i t e ,  washed 
w ith  s e v e ra l  washings of d i s t i l l e d  w ater and co n cen tra ted  
to  10-15 ml. Samples were n e u t r a l i z e d  to  a pH of 7 .6  to  
8 .0 ,  made to  a volume of 50 ml, and c e n tr ifu g e d  to  remove 
humin th a t  p r e c ip i t a t e d  on n e u t r a l i z a t i o n .  A p o r t io n  was 
fro zen  and s to re d  u n t i l  hexosamine could be determ ined.
One m i l l i l i t e r  of sample was p ip e t t e d  in to  each of 
th re e  g raduated  c u l tu r e  tubes  having a t e f l o n  or
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ru b b e r - l in e d  screw cap. One m i l l i l i t e r  of 0 .5  M sodium 
carbonate  was p ip e t te d  in to  one tube and 1 ml of 2# a c e ty l -  
acetone in  0 .5  M Na200^ added to  the  rem aining two tu b es . 
Bach tube was t i g h t l y  s e a le d  and_the sample a c e ty la te d  in  
a w ater b a th  a t  89°-92°C fo r  45 m inutes . Tubes were imme­
d ia te ly  cooled in  w ater to  approxim ately  25°C and d i lu te d  
w ith 2 .5  ml 95# e th y l  a lc o h o l .  One m i l l i l i t e r  of E h r l ic h  
re a g e n t  (2 .67  g r e c r y s t a l l i z e d  p-dim ethyl-am inobenzaldehyde 
in  100 ml of 50/50 m ix ture  of 95# e th y l  a lco h o l­
co n c en tra ted  HCl) was added to  each tube and the sample 
d i lu te d  to  te n  ml w ith  95# e th y l  a lc o h o l .  The co lo r  was 
allowed to  develop f o r  one hour and was read  a t  530 mp. on 
a s e q u e n t ia l  sampling Beckman D.B. spec tropho tom eter . 
C oncen tra tion  of hexosamine in  samples was c a lc u la te d  
using  the  equation  fo r  l i n e a r  r e g re s s io n .
Q u a n t i ta t io n  of N itrogen
N itrogen  was determ ined by m ic ro k je ld ah l  and d i r e c t  
n e s s l e r i z a t io n .  Samples were d ig e s ted  w ith  s u l f u r i c  ac id  
and potassium  p e r s u l f a te  was used as o x id iz e r .  D igestion  
was con tinued  fo r  a t  l e a s t  two hours a f t e r  c le a r in g .  A fte r  
d ig e s t io n ,  f l a s k s  were removed from h e a t ,  allowed to  coo l, 
and enough d i s t i l l e d ,  de ion ized  water added to make a 
volume of 25 ml in  each f l a s k .  F lasks  were s toppered  u n t i l  
n e s s l e r i z e d .  N e s s le r 's  s o lu t io n  was p repared  according  to  
a m o d if ic a t io n  of the  form ula of Block and Benedict (Hawk
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e t  a l . ,  1954), except th e  io d in e  s o lu t io n  c o n ta in in g  one 
gram io d in e  and 1 .5  g po tass iu m  io d id e  per ml was added 
to  the m ercuric  io d id e -p o tass iu m  io d id e  s o lu t io n  dropwise 
u n t i l  an excess of io d in e  was d e te c te d .  The s o lu t io n  was 
f i l t e r e d  and mixed w ith  sodium hydroxide s o lu t io n  w ith  
continuous s t i r r i n g .
Each sample was sw ir le d  and 20 ml of N e s s l e r 's  
re ag en t added from a r a p id  d e l iv e ry  "buret. The sample was 
made to  a volume of 50 ml and qu ick ly  mixed. Color was 
allowed to  develop f o r  te n  m inutes and then  was re a d  a t  
500_mju on a s e q u e n tia l  sampling Beckman D.B. spec tropho to ­
meter .
RESULTS AND DISCUSSION
E x tra c t io n  Procedures o f Acid M ucopolysaccharides
P r a c t i c a l l y  a l l  p rocedures f o r  e x t r a c t io n  of a c id  
m ucopolysaccharides have been developed f o r  use on t i s s u e  
c o n s is t in g  mainly of connective  t i s s u e  such as sk in  or 
a o r ta s ,  and /o r  having a h igh  co n c e n tra t io n  of mucopolysac­
ch a r id es  such as v i t r e o u s  humor and sy n o v ia l  f l u i d .  D if­
f i c u l t i e s  were encountered  when th ese  p rocedures were 
a p p lie d  to  e x t r a c t io n  of m ucopolysaccharides of muscle 
t i s s u e .
E x tra c t io n  of a c id  m ucopolysaccharides was f i r s t  
a ttem pted  u s ing  th e  methods of S c h i l l e r  e t  a l . (1961). 
Although papain  and t ry p s in  were r e p o r te d  to  s o lu b i l i z e  
sk in ,  th e se  enzymes did n o t com pletely  s o lu b i l i z e  muscle ' 
t i s s u e  and co n s id e rab le  c o - p r e c ip i t a t io n  occurred  between 
muscle p ro te in s  and m ucopolysaccharides, even a f t e r  t r e a t ­
ment w ith  0 .5  N NaOH. Other p ub lished  procedures proved 
to  be no more e f f e c t iv e  in  e x t r a c t in g  a c id  mucopolysaccha­
r id e s  from muscle t i s s u e s .
Many t r i a l  p rocedures were a ttem pted  using  enzymatic 
d ig e s t io n ,  s a l t  e x t r a c t io n  a t  v a r io u s  pH l e v e l s ,  e x t r a c t io n  
w ith  NaOH, and a com bination of the above. While a ttem p t­
ing to  develop a procedure s u i t a b le  f o r  use on muscle
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t i s s u e ,  Berenson (1964) suggested  th e  use of a newly i s o ­
l a t e d  enzyme (Pronase) having broad s p e c i f i c i t y .  Laborious 
e f f o r t s  r e s u l t e d  in  a procedure which p e rm it te d  an average 
of 96i* o f the  hexosamine c o n ta in in g  m a te r ia l  in  muscle 
t i s s u e  to  be s u c c e s s fu l ly  e x t ra c te d .
A flow diagram f o r  e x t r a c t io n  of a c id  mucopolysac­
ch a rid es  from muscle t i s s u e  i s  g iven in  F igure  1 . I t  has 
been p o in ted  out by Snellman (1957) t h a t  d e f a t t in g  t i s s u e s  
appeared to  make a c id  m ucopolysaccharides m o re .e a s i ly  ex­
t r a c t e d .  Therefore d e f a t t in g  and dehydra tion  of muscle 
t i s s u e s  s tu d ie d  were made an in t e g r a l  p a r t  of the proce­
dures adopted .
Extensive  re se a rc h  showed t h a t  a lthough  pronase i s  
p robably  one of the most powerful p r o te o ly t i c  enzymes y e t  
i s o l a t e d  (P ronase , 1965), p r o te o ly t i c  d ig e s t io n  alone did 
no t p reven t c o - p r e c ip i t a t io n  of a c id  m ucopolysaccharides 
and p ro te in s  when TCA was added to  the  s o lu t io n .  Sodium 
hydroxide hydro lyzes the  bonds•between p ro te in s  and the 
p o ly saccharid e  (Meyer and Rapport, 1951)- T herefore , co­
p r e c i p i t a t i o n  of a c id  m ucopolysaccharides w ith  p ro te in s  
was g r e a t ly  reduced, e s p e c ia l ly  i f  p ro te in s  were d ig e s te d  
a f t e r  t re a tm e n t  w ith  a l k a l i .  I t  a lso  was observed when 
the 1 N NaOH was n e u t r a l i z e d  to  pH 7 .6  w ith  phosphoric 
ac id , th e  io n ic  s t r e n g th  of the  r e s u l t i n g  phosphate b u f fe r  
( ^ r u l . O )  was g re a t  enough to  preven t p r e c i p i t a t i o n  of 
c o n t r a c t i l e  p ro te in s .
FRESH MEAT
R efa t,  R es icca te  w ith  Acetone 
Grind. -
Powdered, R ried  Muscle Sample
S o lu b i l iz e  in  1 N NaOH 
N e u tra l iz e  
R ig es t  w ith  P ronase.
P a r t i a l l y  R igested  Sample
P r e c i p i t a t e  P ro te in s  w ith  TCA 
F i l t e r  ____
R ialyz e
-  I
Crude Acid M ucopolysaccharides
C oncen tra te  
U l t r a f i l t e r
• V
E ff lu e n t  
121 /ig  + 1 3 .7 /g  
(1 .8J6)
 “ I
P ro te in  P r e c ip i t a t e  
258 jig  + 2 1 .9 /e  
(3-8*)
Crude Acid M ucopolysaccharides 
629 Jig + 1 0 2 .6/g  
?9473*)
Chromatograph
0 .05  M NaCI 
232.7 Jig ± 7 .32  
(37 .0*)
2.0  M NaCI
 x----------  x----------- z-----------
0 .5  M NaCI 1 .25  M NaCI 1 .5  M NaCI
240.0 p.g + 5.76 81.7 j ig  ± 2.07 3 .4  Jig ± .29 .8 j ig  + .12
( 3 8 .1 *) (13 .0*) (0 .5 * )  (0 .1 * )
FIGURE I .  Scheme f o r  e x t r a c t io n  and f r a c t i o n a t io n  of a c id  m ucopolysaccharides of 
boyine muscle t i s s u e .
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A ‘b a c te r i a l  contam ination  became ev iden t w ith in  12 
to  14 hours during enzymatic d ig e s t io n  of the p ro te in s  
under c o n s id e ra t io n .  A nalysis  of p ro te in  p r e c ip i t a t e s  
from th e se  samples gave a very  high c o n c en tra t io n  of hex­
osamine. F u r th e r  s tudy  on th ese  samples in d ic a te d  th a t  
ac id  m ucopolysaccharides were being e x t ra c te d  from the 
muscle t i s s u e ,  but b a c te r i a  were producing hexosamine con­
ta in in g  substances  in  much g re a te r  co n c e n tra t io n  than  
found in  th ese  muscle t i s s u e s .  The a d d i t io n  of a small 
amount of benzalkonium c h lo r id e  (1 :60 ,000  d i lu t io n )  pre­
ven ted  a l l  evidence of b a c t e r i a l  growth during d ig e s t io n  
per io d s  of 24 hours.
Because of the  re p o r te d  presence of a small g lyco- 
pep tide  p re se n t  in  most t i s s u e s  (Lowther e t  a l . ,  1967) an 
a ttem pt was made to  remove th ese  sm a lle r  m olecular weight 
m olecules by u l t r a f i l t r a t i o n .  An Amicon UM-1 u l t r a f i l t r a ­
t io n  membrane w ith a s o lu te  c u to f f  of m olecular weight
10,000 was used to  remove the  sm all m olecular weight hex­
osamine co n ta in in g  m a te r ia l .  However, a n a ly s is  o f the e f ­
f lu e n t  in d ic a te d  very  l i t t l e  o f the  hexosamine co n ta in in g  
m a te r ia l  had a m olecular weight l e s s  than  10,000, s ince  an 
average of l e s s  than  2$ of the  hexosamine was found in  the  
e f f l u e n t .
An average of s l i g h t l y  more than  94$ of the hexosa­
mine (based  on t o t a l  recovered  hexosamine) was obta ined  in  
the  crude a c id  m ucopolysaccharide f r a c t i o n .  This f r a c t io n ,
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when d i lu te d  to  a volume of 100 ml, was a c l e a r ,  l i g h t  
amber l i q u i d  co n ta in in g  an average of 67 /*g n i t ro g e n  per 
jig  hexosamine.
F ra c t io n a t io n  of Acid M ucopolysaccharides
S evera l methods of f r a c t i o n a t in g  a c id  mucopolysac­
ch a r id es  were s tu d ie d  b e fo re  a f i n a l  p rocedure  was adopted . 
One of th e  e a r l i e r  methods of q u a n t i t a t i v e l y  f r a c t io n a t in g  
a c id  m ucopolysaccharides invo lved  p r e c i p i t a t i o n  w ith  qua­
te rn a ry  ammonium s a l t s  such as ce ty lp y r id in iu m  c h lo r id e  
( S c h i l l e r  e t  a l . ,  1961; S c o t t ,  I9 6 0 ) .  S c o tt  ( i960) r e ­
p o rted  t h a t  the  s o l u b i l i t y  of p r e c ip i t a t e d  qu a te rnary  
ammonium-acid m ucopolysaccharide complexes was very  sm all 
(1 mg of m ucopolysaccharide per 50-100 m l) . However, a t  
c o n c e n tra t io n s  of m ucopolysaccharide in  th e  crude mucopoly­
sacch arid e  f r a c t i o n ,  th e  p e rc e n t  of the  complex th a t  would 
be so lu b le  would be f a i r l y  l a r g e .  Since i t  was im possib le  
to  determ ine which m ucopolysaccharide f r a c t i o n s  were in  so­
lu t io n ,  t h i s  method of f r a c t i o n a t in g  crude mucopolysaccha­
r id e s  was n o t used.
S c h i l l e r  e t  a l . (1961) a lso  r e p o r te d  f r a c t io n a t in g  
of m ucopolysaccharides by p r e c i p i t a t i n g  w ith  e th y l  a lco h o l 
c o n ta in in g  1$ sodium a c e t a t e ,  r e s o l u b i l i z i n g  in  w ater and 
chromatographing on Dowex 1-X2 ion exchange r e s i n .  How­
ever, when crude m ucopolysaccharides from muscle t i s s u e s  
were p r e c i p i t a t e d  w ith  e th y l  a lcohol-sod ium  a c e ta te  th e
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p r e c ip i t a t e d  m a te r ia l  was no t com pletely  r e s o lu b le  in  d is ­
t i l l e d  w a te r .  A nalysis  of th e  su p e rn a ta n t  a lcoho l a lso  
in d ic a te d  t h a t  approxim ately  40$ of th e  t o t a l  hexosamine 
was n o t  p r e c ip i t a t e d .
When the  r e s o lu b i l i z e d  sample was chromatographed 
on the  Dowex exchange r e s i n ,  only a f r a c t i o n  of the  muco­
p o ly sacc h a r id e  was accounted  f o r  when th e  e f f lu e n t  was 
ana lyzed . Also, a dark a re a  remained a t  the  top of the 
column, in d ic a t in g  t h a t  some m a te r ia l  was r e ta in e d  on th e  
column. The com position of m a te r ia ls  r e ta in e d  on th e  c o l­
umn were n o t  in v e s t ig a te d .
Since recovery  of m ucopolysaccharides from muscle 
t i s s u e s  was poor from Dowex 1-X2 ion exchange r e s i n ,  o th e r  
ion  exchange r e s in s  were in v e s t ig a te d .  Schmidt (1962) r e ­
p o r te d  t h a t  DEAE Sephadex anion exchanger r e s u l t e d  in  good 
s e p a ra t io n  of a m ixture of pure m ucopolysaccharides.
F igure  2 shows the s tepw ise  e lu t io n  of h y a lu ron ic  a c id ,  
c h o n d ro i t in  . s u l f a te ,  and a m ixture of th e  two. Recovery 
of hexosamine was 92$ fo r  h ya lu ro n ic  a c id ,  100$ fo r  chon­
d r o i t i n  s u l f a t e ,  and 88$ f o r  the  m ix tu re . The average r e -  
covery of hexosamine from f r a c t io n a t io n  of 54 crude muco­
p o ly sacc h a r id e  samples e x t r a c te d  from bovine muscle t i s s u e  
was 88$. Since t h i s  procedure had none of the  s e r io u s  
d isadvan tages  of e a r l i e r  t r i a l s ,  i t  was used in  t h i s  
s tu d y .
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2.0  conc. NaCI (M)I
Hyaluronic Acid 
(N u t r i t io n a l  Bio­
chem icals Corp.)
G hondroitin  S u l fa te  
(Calhiochem)
M ixture of two
FIGURE 2. F ra c t io n a t io n  of samples of h y a lu ro n ic  a c id ,  c h o n d ro it in  s u l f a t e  and a 
mix.tl££e o f same.
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Figure  1 i l l u s t r a t e s  the  average amount of hexosa­
mine e lu te d  a t  each c o n c e n tra t io n  of NaCI and the r e l a t i v e  
percen tage  of t o t a l  hexosamine recovered  in  each f r a c t i o n .  
A ll v a lu e s  a re  in  /zg hexosamine per 1 g d r ie d ,  d e f a t te d  
muscle t i s s u e .  I t  i s  ev id en t t h a t  a la rg e  f r a c t io n  (41$) 
of hexosamine co n ta in in g  m a te r ia l  was e lu te d  in  the 0 .0 5  M 
NaCI f r a c t i o n .  This f r a c t i o n  probably corresponds to  the  
hexosamine co n ta in in g  m a te r ia l  t h a t  could not be p r e c ip i ­
t a t e d  by c e ty lp y r id in iu m  c h lo r id e  or e th y l  a lcohol-sodium  
a c e ta te  encountered  in  p re lim in a ry  work. Lowther e t  a l . 
(1967) suggested  the term  "g lycopep tides"  fo r  t h i s  m a te r ia l  
and re p o r te d  59-70$ of hexosamine c o n ta in in g  m a te r ia l  in  
h e a r t  v a lv e s  to  be of t h i s  su b s tan ce . The g lycopep tide  
f r a c t i o n  e x t ra c te d  from muscle t i s s u e  in  t h i s  case had a 
r e l a t i v e l y  h igh  n itrogen /hexosam ine r a t i o  (56 .7 :1 )»  in d i ­
c a t in g  t h a t  th e  hexosamine was a s s o c ia te d  w ith  la rg e  
amounts of n itrogenou s  m a te r i a l s .  Since ex ten s iv e  charac­
t e r i z a t i o n  of th e  f r a c t i o n s  was n o t undertaken  in  t h i s  
s tudy , l i t t l e  i s  known of t h i s  f r a c t io n  except t h a t  the 
m olecular w eight of the  complex i s  g r e a te r  than  10,000, 
s ince  i t  d id  no t pass through the  u l t r a f i l t e r  membrane, 
and t h a t  t h i s  m a te r ia l  d id  no t respond l i k e  t y p ic a l  a c id  
m ucopolysaccharides.
The 0 .5  M NaCI f r a c t i o n  r e p re s e n ts  h y a lu ro n ic  a c id ,  
s ince  commercial h y a lu ro n ic  a c id  i s  e lu te d  a t  t h i s  concen­
t r a t i o n  as shown in  F igure  2. This f r a c t io n  re p re s e n te d
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an average of 43# of the  t o t a l  hexosamine e x t ra c te d  from 
bovine muscle t i s s u e ,  and had a h igh  n itrogen/hexosam ine 
r a t i o  (8 5 .6 :1 ) .  Data in d ic a te d  t h a t  even though trea tm en t 
w ith  a l k a l i  and p r o te o ly t i c  d ig e s t io n  allowed the  muco­
p o ly sacc h a r id es  to  be e x t ra c te d ,  they  were s t i l l  contami­
n a ted  w ith  la rg e  amounts of n itrogenous  m a te r ia l s ,  probably  
p ro te in ,  s in ce  i t  was n o t  p r e c ip i t a t e d  in  12# TCA. A la rg e  
percen tage  of the  m ucopolysaccharides of bovine muscle 
t i s s u e  as h y a lu ron ic  a c id  would account fo r  th e  r e l a t i v e l y  
high c o n c e n tra t io n  of glucosamine observed by McIntosh 
(1965; 1966) in  bovine m ucoprotein.
F ra c t io n s  e lu te d  w ith  1 .25  M and 1 .5  M NaCI r e p re ­
sen t  c h o n d ro it in  and /o r ch o n d ro it in  s u l f a t e .  These f r a c ­
t io n s  approximate 15# of the t o t a l  hexosamine e x tra c te d  
from bovine muscle t i s s u e  and about o n e - th i rd  t h a t  e lu te d  
w ith 0 .5  M NaCI. Since hy a lu ro n ic  ac id  c o n ta in s  g lucosa­
mine and c h o n d ro it in ,  and ch o n d ro it in  s u l f a t e  co n ta in s  
ga lac tosam ine , t h i s  r a t i o  i s  in  c lo se  agreement w ith  
g lucosam ine/galac tosam ine  r a t i o  of 2 .6 /1  re p o r te d  by 
McIntosh (1966).
Table 1 data  i l l u s t r a t e  c o r r e l a t io n  c o e f f i c i e n t s  
between n i t ro g e n  and hexosamine in  v a r io u s  f r a c t io n s  of 
m ucopolysaccharides. The 0 .05 M NaCI f r a c t i o n  had a s ig ­
n i f i c a n t  p o s i t iv e  c o r r e l a t io n  and the  1 .25  M NaCI f r a c t io n  
had a h ig h ly  s i g n i f i c a n t  c o r r e la t io n  ( P <  0 .01) between 
n i t ro g e h  and hexosamine. These da ta  suggest t h a t  in  these
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TABLE 1 . R e la t io n s h ip  Between n i t ro g e n  and hexosamine in  
v a r io u s  f r a c t io n s  of m ucopolysaccharides.
F ra c tio n  
M NaCI
C o rr . 
c o e f .
Av. $> o f  
t o t a l  
n i t ro g e n
N: Hexosamine 
r a t i o
0.05 .28* 37.5 56.7
0 .5 .03 58.2 85.6
1.25 .36** 4.2 18.5
1 .5 - .2 8 * < . 1 6.1
O vera ll  w ith in  
f r a c t io n s .18 — 63.4
* S ig n i f ic a n t  a t  0 .05  l e v e l  o f p r o b a b i l i t y .
* * S ig n if ic a n t  a t  0 .01  l e v e l  of p r o b a b i l i t y .
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two f r a c t i o n s ,  n i t ro g e n  was d i r e c t l y  a s s o c ia te d  w ith  hex­
osamine c o n ta in in g  m a te r i a l .  No c o r r e l a t i o n  was ev id en t 
in  the  0 ,5  |  f r a c t i o n  and th e  1 .5  M f r a c t io n  had a s i g n i f i ­
can t (P < 0 .0 5 )  n e g a tiv e  c o r r e l a t i o n .  Although the  o v e ra l l  
w ith in  f r a c t i o n  c o r r e l a t i o n  between n i t ro g e n  and hexosamine 
was n o t  s i g n i f i c a n t ,  in s p e c t io n  of th e  da ta  in d ic a te s  t h a t  
major p o r t io n s  of n i t ro g e n  were e lu te d  in  some f r a c t i o n s  
as m ajor p o r t io n s  of hexosamine c o n ta in in g  m a te r ia l .
H u t te re r  and Bacchin (1967) r e p o r te d  th a t  p ro te in s  
and m ucopolysaccharides of l i v e r  could be sep a ra ted  w ith  
a l k a l i  t re a tm e n t  a t  pH 11 .2  or g r e a t e r .  However, upon 
low ering  th e  pH, th e  m ucopolysaccharides r a p id ly  recom- 
plexed w ith  n o n -s p e c i f ic  p ro te in .  Many a ttem p ts  were made 
to  s e p a ra te  m ucopolysaccharides from n itro g en o u s  co n ta in ­
ing m a te r ia l  by e lu t in g  them from th e  columns w ith  b u f fe r  
systems g r e a te r  than  11..2. However, none of the  a t tem p ts  
were s u c c e s s fu l  and th e  hexosamine con tinued  to  be e lu te d  
a lon g -w ith  the  n itro g en o u s  su b s tan ces .
R e la t io n sh ip  of Acid M ucopolysaccharides to  Sex, M uscle, 
and Post-Mortem Aging
Tables 2 through 11 g ive the  average hexosamine con­
t e n t  and a n a ly s is  of v a r ia n c e  of v a r io u s  a c id  mucopolysac­
ch a rid e  f r a c t io n s  as they  are  r e l a t e d  to  sex, muscle, and 
post-mortem ag ing . Values in  these  t a b le s  a re  expressed  
in  /ig hexosamine per gram d r ie d , d e f a t te d ,  muscle t i s s u e  
and a re  averages f o r  th re e  animals,. Mean v a lu es  f o r  sex
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over muscle and time p e r io d ;  muscle over sex and tim e- 
pe riod ; and t im e -p e r io d  over sex and muscle a re  a lso  g iven . 
S t a t i s t i c a l  a n a ly s is  of th e  da ta  was t r e a t e d  as a s p l i t  
p lo t  w ith in  a h i e r a r c h i a l  design . . When an im al/sex  was s ig ­
n i f i c a n t ,  i t  was used as e r ro r  term f o r  t e s t i n g  sex d i f f e r ­
ences. Remainder was used as e r ro r  term to  t e s t  a l l  o th e r  
v a lu e s .
Post-Mortem Aging and M ucopolysaccharides
There were no s i g n i f i c a n t  d i f fe re n c e s  between hex­
osamine co n ten t  of any of th e  m ucopolysaccharides f r a c t io n s  
a t  th e  two time p e r io d s .  Although g r e a t e s t  t e x tu r a l  
changes occurred  in  muscle w ith in  f iv e  to  seven days p o s t­
mortem, th e re  was no in d ic a t io n  t h a t  c o n c e n tra t io n  of a c id  
m ucopolysaccharides changed during the  seven-day aging 
p e r io d . T h is , however, does no t p rec lude  the  p o s s i b i l i t y  
t h a t  degree of po lym eriza tion  or o th e r  s u b t le  changes in  
the  m ucopo lysaccharide-p ro te in  complex cou ld  p lay  an ac­
t iv e  r o l e  in  th e  t e x tu r a l  changes t h a t  occur post-mortem. 
U n fo r tu n a te ly , no methods a re  p re s e n t ly  a v a i la b le  fo r  
s tudy ing  changes in  th e  m ucopolysaccharide molecule or 
m ucopo lysaccharide-p ro te in  complex during  post-mortem 
aging of muscle t i s s u e .
Sex and M ucopolysaccharides
Although th e re  are  many re fe re n c e s  in  the l i t e r a ­
tu re  in d ic a t in g  a r e l a t i o n s h ip  between c e r t a in  s t e r o id
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hormones and a c id  m ucopolysaccharides (Boas, 1949; Ashboe- 
Hansen, 1952; Thomas, 1956; S c h i l le r  and Dorfman, 1957; 
R ie n i t s ,  I960 ; and McIntosh e t  a l . , 1961), th e re  were no 
s i g n i f i c a n t  d i f fe re n c e s  in  hexosamine c o n ten t  o f th e  va­
r io u s  m ucopolysaccharide f r a c t i o n s  between the  sexes 
s tu d ie d .  In  almost a l l  s tu d ie s  on r o le  of hormones on 
ac id  m ucopolysaccharides, s p e c i f i c  t i s s u e s  t h a t  demon­
s t r a t e d  p h y s ic a l  changes such as c o c k 's  comb, sex sk in  of 
monkeys, ch ick  ov iducts  or sk in s  were s tu d ie d .  The muco­
po ly sacch a rid e  co n ten t  of muscle was not in v e s t ig a te d  in  
any o f th e s e  s tu d ie s .  T here fo re , i t  i s  probable t h a t  c e r ­
t a i n  s t e r o i d  hormones a f f e c t  mucopolysaccharide metabolism 
and accum ulation , b u t  th a t  t h i s  co n tro l  i s  t i s s u e  d i r e c te d  
and does n o t  a f f e c t  the  c o n c e n tra t io n  of mucopolysaccha­
r id e s  in  muscle t i s s u e .
Muscles and M ucopolysaccharides
The rank ing  of the th r e e  muscles in  hexosamine con­
t e n t  of t o t a l  sample, and in  0 .05  M NaCI, 1 .25 M NaCI,
1 .5  i  NaCI f r a c t i o n s  was as fo llow s: t r i c e p s  b r a c h i i  (TB)
>  semimembranosus ( SM) >  lon g iss im u s  d o rs i  ( ID ) . The 
th re e  m uscles were s i g n i f i c a n t l y  ( P <  0 .05 ) d i f f e r e n t  in  
hexosamine con ten t in  the t o t a l  sample and 1 .5  |  NaCI 
f r a c t i o n s .  There were no s i g n i f i c a n t  d i f f e re n c e s  in  hex­
osamine c o n te n t  of th e  m uscles in  the  o th e r  f r a c t io n s .
When o rthogonal comparisons were made between TB muscle
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and SM and LD m uscles, th e  TB muscle had h igh ly  s i g n i f i ­
c a n tly  (P <  0 .01) more hexosamine than  th e  o ther two 
muscles in  the  t o t a l  sample and s i g n i f i c a n t l y  (P <  0*05) 
more in  th e  1 .5  M NaCI f r a c t io n .  There were no s i g n i f i ­
cant d i f fe re n c e s  between the SM and LD m uscles.
McClain (1965) ranked these  th re e  muscles TB >  SM> 
LD in  co lla g e n  co n ten t .  Since ac id  m ucopolysaccharides 
a re  a p a r t  of the  connective  t i s s u e  i t  would be expected  
th a t  muscles h igh  in  co llag en  would a ls o  be high in  a c id  
m ucopolysaccharides. This i s  in  agreement w ith  th e  f in d ­
ings of McIntosh (1961), t h a t  c o n c e n tra t io n  of m ucoproteins 
and c o n c e n tra t io n  of co llag en  and e l a s t i n  a re  d i r e c t l y  r e ­
l a t e d .
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TABLE 2. Means f o r  t o t a l  hexosamine co n ten t  of "bovine muscle t i s s u e .
Time p er io d 1 hour 7 days Average f o r  sex
Muscle LD SM TB LD SM TB over muscles and time p e r io d
Sex H e ife rs 634.7 595.0 667.2 611.4 694.8 637.5 623.4
S te e rs 527.2 641.0 656.9 552.7 586.4 613.8 596.3
B u lls 656.9 684.8 715.9 676.8 622.7 672.6 671.5
Average f o r  muscle over 
sex and time p e r io d .
LD, SM, TB r e s p e c t iv e ly 607.0 620.8 660.6
Average f o r  time p e r io d  
over sex and muscle 643.2 618.7
aAverage o f th re e  anim als of each sex.
Expressed as fig hexosamine per gram dried, defatted, muscle tissue.
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TABLE 3. Analysis of variance for total hexosamine content
of bovine muscle tissue.
Source d . f . Mean Square P.
T otal 53
Sex 2 2,609,274.30 1.39
Animal/sex 6 1 ,877 ,634 .15 8.89**
Muscle 2 1 ,278 ,226 .90 6.06**
Time 1 745,067.57 3.53
M x T 2 321,633.02 1.52
S x M 4 485,494.85 2.30
S x T 2 13,664.52 0.06
S x M x T 4 136,812.80 0.65
e r ro r 30 - 211,039.37
**Significant at 0.01 level of probability.
a *bTABLE 4. Means f o r  hexosamine c o n te n t  in  0 .05  M NaCl f r a c t i o n  o f mucopolysaccha­
r i d e s  of "bovine muscle t i s s u e .
Time per io d 1 hour 7 days Average fo r  sex
Muscle LB SM TB LB SM TB over muscles and time p e r io d
Sex H e ife rs 178.8 200.3 223.7 179.6 205.0 222.6 201.7
S te e rs 205.8 207.0 266.9 203.9 267.1 242.4 232.2
B u lls 249.0 257.8 281.6 288.1 270.6 249-3 266.1
Average f o r  muscle over 
sex and time p e r io d .
LB, SM, TB r e s p e c t iv e ly 217.5 234.7 247.8
Average f o r  tim e p e r io d  
over sex and muscle 230.1 236.5
j
aAverage of th re e  anim als of each sex . •
Expressed as /zg hexosamine per gram d r ie d , d e fa t te d ,  muscle t i s s u e .
TABLE 5. Analysis of variance for hexosamine content in
0.05 M NaOl fraction of mucopolysaccharides of "bovine
muscle tissue.
Source d . f . Mean Square P.
Total 53
Sex 2 1,867 ,684 .57 3.22
Animal/sex 6 580,015.24 3-36*
Muscle 2 413,318.02 2.39
Time 1 55,488.17 ’ .32
M x T 2 242,682.42 1.40
S x M 4 131,459.04 .76
S x T 2 10,738.17 .06
S x M x T 4 120,944.04 .70
e r ro r 30 172,879.06 -
*Significant at 0.05 level of probability.
y.
TABLE 6. Means8, f o r  hexosamine co n te n t  in  0 .5  M NaCl f r a c t i o n  o f mucopolysaccha­
r i d e s  of bovine muscle t i s s u e .
Time p e r io d 1 hour 7 days Average f o r  sex
Muscle LD SM TB LB SM TB over animal and time p e r io d
Sex H e ife rs 210.4 233.8'. 206.4 231.2 276.1 235.1 232.2
S te e rs 234.3 251.2 278.6 230.0 202.7 201.9 233.1
B u lls 286.2 266.0 268.0 264.4 227.0 255.0 255.6
Average fo r  muscle over 
sex and time p e r io d .
LB, SM, TB r e s p e c t iv e ly 237.1 242.8 240.8
Average fo r  tim e p e r io d  
over sex and muscle 244.6 235.9
S IAverage of th re e  anim als o f  each sex .
Expressed as /*g hexosamine per gram dried, defatted, muscle tissue.
i LK)
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TABLE 7 . A nalysis  o f v a r ia n c e  f o r  hexosamine con ten t in  
0 .5  M NaCl f r a c t io n  of m ucopolysaccharides of bovine 
muscle t i s s u e .
Source d . f . Mean Square F.
T ota l 53
Sex 2 316,224.07 0 .91
Animal/sex 6 346,611.90 2.68*
Muscle 2 15,028.35 0 .12
Time 1 103,053-35 0 .80
M x T 2 111,398.57 0 .86
S x M 4 141,787.85 1.10
S x T 2 621,119.19 4.81
S x M x T 4 99,675.24 0.77
e r ro r 30 129,201.40
*Significant at 0.05 level of probability.
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TABLE 8. Means f o r  hexosamine co n te n t  in  1 .25  M NaCl f r a c t io n  of mucopolysaccha­
r id e s  of "bovine muscle t i s s u e .
Time p er io d 1 hour 7 days Average f o r  sex
Muscle LB SM TB LB SM TB over time p e r io d  and muscle
Sex H e ife rs 66.2 86.2 80.7 80.9 79.4 88.4 80.3
S te e rs 68.3 79.1 87.2 76.8 73.5 74 .4 76.5
B u lls 87.2 83.8 91.9 90.7 85.8 91.3 88.5
Average fo r  muscle over 
time per io d  and sex .
LB, SM, TB r e s p e c t iv e ly 78.3 81.3 85.7
Average fo r  tim e p e r io d  
over muscle and sex 81.2 82.3
Average of th re e  anim als of each sex.
^Expressed as /xg hexosamine per gram d r ie d ,  d e f a t te d ,  muscle t i s s u e .
TABLE 9. Analysis of variance for hexosamine content in
1.25 M NaCl fraction of mucopolysaccharides of "bovine
muscle tissue.
Source d . f . Mean Square P.
Total 53
Sex 2 67,044.96 .79
Animal/sex 6 85,166.89 6.89**
Muscle 2 24,381.79 1 .98
Time 1 1 ,779 .63 .14
M x T 2 20,619.02 1.67
S x M 4 7,039 .27 .57
S x T 2 8 ,232 .52 .67
S x M x T 4- 7 ,922 .00 .64
e r ro r 30 12,366.29
**Significant at 0.01 level of probability.
Q  > )
TABLE 10. Means f o r  hexosamine co n ten t  in  1 .5  M NaCl f r a c t i o n  of mucopolysaccha­
r i d e s  of bovine muscle t i s s u e .
Time pe r iod 1 hour 7 days Average f o r  sex
Muscle LB SM TB LB SM TB over time p e r io d  and muscle
Sex H e ife rs 2.0 2.0 1 .7 3.3 3.1 4.0 2.7
S te e r s 2.3 4 .2 4.8 4 .3 .5.5 6.1 4.5
B u l ls 4.3 5.1 5.4 4 .0 4.0 4.3 4.5
Average f o r  muscle over 
time pe r iod  and sex .
LB, SM, TB r e s p e c t i v e l y 3.4 4 .1 4.4
Average f o r  time p e r io d  
over muscle and sex 3.6 4 .3
Average o f  t h r e e  animals of each sex.
Expressed as /zg hexosamine per gram dried, defatted, muscle tissue.
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TABLE 11. Analysis  of v a r ia n c e  f o r  hexosamine con ten t  in  
1 ,5  M NaCl f r a c t i o n  of mucopolysaccharides o f  bovine 
muscre t i s s u e .
Source d . f . Mean Square P.
Total 53
Sex 2 1,944.00 4.21
Animal/sex 6 461.56 4.16**
Muscle 2 456.72 4.11*
Time 1 654.52 0.82
M x T 2 59.57 0.54
S x M 4 173.06 1.56
S x T 2 802.07 7.23**
S x M x T 4 50.30 0.45
e r ro r 30 - 110.91
^ S ig n i f i c a n t a t  0.05 l e v e l  o f  p r o b a b i l i t y .
* * S ig n i f ic a n t a t  0 .01 l e v e l  of p r o b a b i l i t y .
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R e la t io n s h ip  of Aoid Mucopolysaccharides to  Tenderness
C o r re la t io n  c o e f f i c i e n t s  between shea r  value and 
a c id  mucopolysaccharide f r a c t i o n s  a t  one hour and seven 
days post-mortem a re  shown in  Table 12. None of th e  cor­
r e l a t i o n  c o e f f i c i e n t s  approached s i g n i f i c a n c e .  This i n d i ­
ca ted  t h a t  a l though many of the  same p h y s io lo g ic a l  pro­
ce sse s  a f f e c t  both  a c id  mucopolysaccharide accumulation 
and ten d e rn ess  of muscle t i s s u e ,  the t o t a l  co n c en t ra t io n  
of mucopolysaccharides was no t  r e l a t e d  to  ten d e rn ess  of 
the  muscles s tu d ie d .
McIntosh (1966) r e p o r t e d  a 'n e g a t iv e  c o r r e l a t i o n  be­
tween amount of mucoprotein and r e l a t i v e  ten d e rn ess  of 
psoas ma.jor, long iss im us  d o r s i , and semitendinosus muscles 
of v a r io u s  anim als .  However, the  assumption was made t h a t  
the  psoas major was th e  most ten d e r  muscle and semitendino­
sus was th e  l e a s t  ten d e r  of the  th re e  m uscles .  I f  the  
th re e  muscles were grouped according to  th e  c l a s s i c a l  t e n ­
derness  groupings— in  o rder  of l e a s t  t e n d e r ,  i . e . ,  TB, SM, 
and LD— in  th e  p re se n t  s tudy ,  th e re  would be a s i g n i f i c a n t  
n eg a t iv e  r e l a t i o n s h i p  between tenderness  and hexosamine 
con ten t  of t o t a l  sample and 1 .5  I  N a d  f r a c t i o n .  However, 
when a c tu a l  shear  va lu es  were c o r r e l a t e d  w i th  hexosamine 
co n ten t  o f  v a r io u s  f r a c t i o n s ,  no s i g n i f i c a n t  c o r r e l a t i o n s  
were found between hexosamine con ten t  and ten d e rn ess .
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TABLE 12. C o r re la t io n  c o e f f i c i e n t s  between shear  va lue  





Total  Sample -0 .01 0.06
0.05 M NaCl F rac t ion -0 .01 0.19
0 .5  M NaCl F rac t io n 0.08 0.22
1.25 M NaCl F rac t io n 0.28 0.19
1 .5  i  NaCl F rac t io n 0.20 -0 .14
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R e la t io n s h ip  of Mucopolysaccharides to  Water Binding
C o r re la t io n  c o e f f i c i e n t s  between water  b ind ing  of 
muscle t i s s u e  and a c id  mucopolysaccharide f r a c t i o n s  a t  two 
time p e r iod s  a re  given in  Table 13. The one hour 1 .25 M 
NaCl f r a c t i o n  had a s i g n i f i c a n t  ( P <  0 .05)  p o s i t iv e  c o r re ­
l a t i o n  w ith  water b in d in g .  None of the  o th e r  c o r r e l a t i o n  
c o e f f i c i e n t s  were s i g n i f i c a n t .  I t  was r a t h e r  s u r p r i s in g  
t h a t  a 1 .25  M NaCl f r a c t i o n  was c o r r e l a t e d  with  water 
b ind ing ,  s in ce  c h o n d ro i t in  and c h o n d ro i t in  s u l f a t e s  are 
no t  p a r t i c u l a r l y  no ted  f o r  t h e i r  water b ind ing  cap ac i ty  as 
i s  h y a lu ron ic  ac id .
Even though h y a lu ro n ic  a c id  comprises about two- 
t h i r d s  of the  mucopolysaccharides p re s e n t  in  bovine muscle 
t i s s u e ,  i t  ap p a ren t ly  does no t  p lay a s i g n i f i c a n t  r o l e  in  
b ind ing  of water by muscle t i s s u e .  Although hyalu ron ic  
ac id  r e p o r t e d l y  has very  h igh  water b ind ing  p r o p e r t i e s ,  
the  very  low co n c e n t ra t io n s  in  f r e s h  muscle t i s s u e —l e s s  
than  0 .0 1 $ - - i s  probably so g r e a t l y  overshadowed by the 
water b ind ing  of p r o t e in s  p re se n t  t h a t  i t s  e f f e c t  i s  no t  
d e te c ta b le  by a v a i l a b l e  tech n iq ues .
Mucopolysaccharide Content of Muscles w i th  Extreme Shear 
Values
Average hexosamine con ten t  o f  mucopolysaccharide 
f r a c t i o n s ,  average shear  v a lu e s ,  and t  va lu es  f o r  muscles 
w ith  extreme shear v a lu es  are  given in  Table 14* Although 
the d i f f e r e n c e  between the  average shear  va lue  of the  two
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TABLE 13. C o r re la t io n  c o e f f i c i e n t s  between water b ind ing  
and ac id  mucopolysaccharide f r a c t i o n s  one hour and seven 
days post-mortem.
F ac to r OneHour
Seven
Bays
Total  Sample 0.33 0.08
0.05 M NaCl F rac t io n 0.26 0.26
0 .5  M NaCl F rac t io n -0 .18 0.16
1.25 M NaCl F rac t io n 0.46* 0.35
1 .5  M NaCl F rac t io n 0.06 . 0.18
* S ig n i f i c a n t  a t  0 .05 l e v e l .
TABLE 14. Average hexosamine con ten t  of mucopolysaccharide 
f r a c t i o n s ,  average shear  v a lu e s ,  and t  va lu es  fo r-m usc les  
with  extreme shear v a lu e s .
Group No.Animal
Hexosamine Content8,
s . v . bTotal
Sample
NaCl F rac t io n
0 . 0 5 0 . 5 1 . 2 5 1 . 5
Tender 7 5 4 9 .2 2 3 8 . 1 1 8 8 . 1 7 0 . 6 2 . 0 7 . 6 6
Tough 8 5 1 8 .7 2 3 6 . 8 1 8 3 . 3 7 5 . 0 2 . 2 1 7 . 7 3
t .87 .11 .3 6 .7 2 .30 7 . 6 6 * *
aExpressed as pig hexosamine per  gram d r ied ,  d e f a t t e d  
muscle t i s s u e .
IdExpressed as kg fo rc e  r e q u i r e d  to shear  a 2 .5  cm
core .
* * S ig n i f ic a n t  a t  0 .01  l e v e l .
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groups was h ig h ly  s i g n i f i c a n t  ( P < 0 . 0 1 ) ,  t h e re  were no 
s i g n i f i c a n t  d i f f e r e n c e s  in  hexosamine con ten t  of  any of 
the  a c id  mucopolysaccharide f r a c t i o n s  between muscles w ith  
extreme sh ea r  v a lu e s .  This was f u r t h e r  evidence t h a t  con­
c e n t r a t i o n  of v a r io u s  a c id  mucopolysaccharides does no t  
a f f e c t  th e  tenderness  of bovine muscle.
General Discussion
S evera l  r e s e a r c h e r s  have im plied  t h a t  a c id  mucopoly­
sac ch a r id es  may play a s i g n i f i c a n t  r o l e  in  the  determina­
t i o n  of t e x t u r e  of muscle t i s s u e .  Based on the  f in d in g s  
of t h i s  work, i t  i s  suggested  t h a t  co n c e n t ra t io n  of ac id  
mucopolysaccharides does no t  a f f e c t  the  t e x tu r e  of bovine 
muscle. However, s in ce  a c id  mucopolysaccharides have so 
many p h y s io lo g ic a l  fu n c t io n s  re p o r te d  in  the  l i t e r a t u r e ,  
i t  appears  p o ss ib le  t h a t  th e se  compounds may have r o l e s  
in  the  de te rm ina t ion  of muscle t e x tu r e  h e r e to fo re  unde­
t e c t e d  by c u r r e n t ly  a v a i l a b l e  techn iqu es .
Since th e re  were no d e te c ta b le  changes in  the  ac id  
mucopolysaccharide components during the  aging of bovine 
muscle, i t  seems probable  t h a t  the  changes in  mucoprotein 
of bovine s k e l e t a l  muscle r e p o r te d  by McIntosh (1967) oc­
cu r red  in  the  p ro te in  p o r t io n  of  the complex r a t h e r  than 
in  the  mucopolysaccharide moiety. However, the  exact  type 
of changes t h a t  occur in  the  mucoprotein complex and pos­
s i b l e  changes t h a t  occur in  ion  exchange c a p a c i ty ,  or
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o ther  s i m i l a r l y  s u b t le  changes w i l l  have to  await  new te c h ­
n iques f o r  e lu c id a t io n .
Although t h i s  endeavor f a i l e d  to  e lu c id a te  the  
exact p h y s io lo g ic a l  p rocesses  involved in  muscle t e x tu r e ,  
i t  i s  hoped t h a t  i t  w i l l  be an a id  to  f u tu r e  r e se a rc h e r s  
in  c o n c e n t ra t in g  t h e i r  e f f o r t s  on th e  problem a t  hand.
The s tudy  of ac id  mucopolysaccharides i s  a very  d i f f i c u l t  
a rea  of r e s e a rc h  due to  t h e i r  complex n a tu re  and th e re  
remain many ques t ions  to  be answered concerning t h e i r  r o l e  
in  bo th  meat q u a l i ty  and g enera l  muscle physiology.
SUMMARY
A study was designed to  modify or develop a proce­
dure f o r  the  s tudy of a c id  mucopolysaccharides of ground 
substance  of bovine s k e l e t a l  muscle and to  s tudy th e  r e ­
l a t i o n s h i p  between a c id  mucopolysaccharides and f a c to r s  
a s s o c ia te d  with  e a t in g  q u a l i t y  of muscle, namely t e x tu r e  
and water b in d in g .  Under the  cond i t ions  of t h i s  e x p e r i ­
ment, i t  was found t h a t :
1) A procedure could be developed f o r  the  i s o l a t i o n  
of ac id  mucopolysaccharides t h a t  would e x t r a c t  an average 
of 96# of the  hexosamine co n ta in in g  m a te r i a l  from bovine 
s k e l e t a l  muscle.
2) Approximately 37# of the hexosamine was con­
t a in e d  in  a f r a c t i o n  r e f e r r e d  to in  prev ious  work as "g ly -  
c o p e p t id e s ."  Of the  rem ain ing  ac id  mucopolysaccharides, 
about tw o - th i rd s  i s  h ya lu ro n ic  a c id  and the  remainder 
c h o n d ro i t in  and/or  c h o n d ro i t in  s u l f a t e .
3) A l a rg e  amount of n i t rogenous  m a te r i a l  was 
c lo s e ly  a s s o c ia te d  w ith  th e  hexosamine co n ta in ing  sub­
s t a n c e s .  I t  was no t  p o s s ib le  to  s e p a ra te  th e  n i trogenous  
m a te r i a l  from the a c id  mucopolysaccharides.
4) No s i g n i f i c a n t  d i f f e re n c e s  were observed between 
sex groups nor between samples taken immediately a f t e r
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s la u g h te r  and those aged seven days. The TB muscle con­
t a in e d  s i g n i f i c a n t l y  more hexosamine than  the  SM and LB 
muscles in  t o t a l  sample ( P <  0 .01) and 1 .5  M NaCl f r a c t i o n  
(P <  0 .05) •
5) There were no s i g n i f i c a n t  c o r r e l a t i o n s  "between 
c o n c e n t ra t io n  of hexosamine in  any of the  a c id  mucopoly­
sacchar ide  f r a c t i o n s  and shea r  value of the samples.
6) Except f o r  a s i g n i f i c a n t  p o s i t iv e  c o r r e l a t i o n  
( P <  0 .05) between hexosamine content  of the  1 .5  M NaCl 
f r a c t i o n  of muscle taken  one hour post-mortem, th e re  were 
no o th e r  s i g n i f i c a n t  c o r r e l a t i o n s  between mucopolysaccha­
r id e  f r a c t i o n s  and water b ind ing  ca p ac i ty  of bovine muscle.
7) There were no s i g n i f i c a n t  d i f f e r e n c e s  in  hexosa­
mine co n ten t  of any of th e  a c id  mucopolysaccharide f r a c ­
t io n s  between muscles w ith  extreme shear  v a lu e s .
APPENDIX
TABLE 1 .  C l a s s i f i c a t i o n  of animals used by sex and animal 
number.
C l a s s i f i c a t i o n B u l ls S te e r s H e i fe rs
127 915 -• -- 912
Animal No. 14-0 L-39 194
46 956 906


















aExpressed as kg r e q u i r e d  to  shea r  a 2 .5  cm core .
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1 hour 7 days
LD SM TB LD SM TB
906 13.56 17.91 16.00 7.74 8.22 10.27
194 11.81 18.56 16.20 12.61 12.08 8.99
915 11.48 17.39 15.79 9.72 11.06 12.99
912 9.37 19.56 18.54 12.04 9.13 9.49
956 10.45 13.58 17.07 13.73 9.39 10.55
L-39 9.77 14.86 16.84 8 . 8 4 7.08 7.95
127 11.72 18.19 18.33 13.85 7.37 10.03
140 13-65 14.67 9.80 13.52 6.93 7.21
46 16.11 21.05 18.32 1 3 . 8 8 12.02 8.12
aAverage of two shear  v a lues  of th r e e  2.54 cm cores  
from each muscle.
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TABLE 4. Total hexosamine recovered during extraction of
acid mucopolysaccharides. Expressed as /*g Glucosamine.HC1




P o s t-
Mortem
Muscle a P ro te in  P r e c i p i t a t e E f f lu e n t
Tota l
Sample
O oeff . i 
Var.k ;
906 1 h r . LB 3 1 . 0 6.6 545.8 0.36
SM 28.5 1 3 . 6 528.0 6.02
TB 43.5 13.6 653.5 6.05
7 d. LB 29.5 28.4 605.3 . 8.41
SM 30.0 35.1 543.0 3.81
TB 31.5 59.3 • 645.0 3.16
194 1 hr LB 47.4 22.5 699.0 4.43
SM 41.2 22.2 714.3 1.58
TB 27.5 *18.4 759.8 1.29
7 d. LB 7 8.,2 9.7 659.0 4.05
SM 54.4 17.6 659.3 0.62
TB 34.2 15.1 667.3 1.17
915 1 h r . LB 24.5 7 .8 511.8 3.70
SM 26.5 15.9 664 • 8 0.90
TB 10.6 10.3 682.0 7.09
7 d. LB 8.2 7 .3 602.5 3.24
SM 20.5 8.0 619.5 5.90
TB 10.0 7.9 664.7 8.46
912 1 h r . •LB 24.5 15.7 659.3 3.74
SM 10.6 12.6 542.8 0.00
TB 25.5 25.0 588.3 16.29
7 d. LB 26.0 4.4 570.0 3.10
SM 18.3 13.6 582.0 4.21
TB 28.8 10.1 600.3 0.35
956 1 h r . LB 23.5 16.8 573.3 7.94
SM 19-5 5.5 645.3 3.31
TB 16.5 7 .8 609.3 6.58
7 d. LB 22.5 5.8 532.3 2.73
SM 26.0 7.8 499.9 8.43






P o s t -
Mortem
Muscle a P ro te in  P r e c i p i t a t e E f f lu e n t
Tota l
Sample
Coeff .  of 
Var.b #
1-39 1 h r . LD 15.0 9.6 532.5 0.55
SM
TB
11.1 5.9 613.0 0.69
7 d. LD 1.7 31.1 523.3 10.47
SM 25.5 5.9 639.8 5.11
TB 5.6 5.3 627.0 0.33
127 1 h r . LD 16.6 3-5 618.3 7.90
SM 7.8 3.4 698.3 6.28
TB 7.2 5.2 711.0 4.32
7 d. LD 6.7 12.1 678.8 3.91
SM 6.7 5.8 661.0 4.35
TB 10.0 21.8 753.5 1.65
140 1 h r . LD 25.5 4.9 753.5 ' 4 .34
SM 37.1 7 .6 743.0 9.11
TB 13.9 0.0 816.3 3.76
7 d. LD 11.7 5.5 678.8 2.22
SM 36.2 11.2 648.0 3.61
TB 36.8 6.8 749.8 8.49
46 1 h r . LD 44.7 6.0 599.0 2.26
SM 30.6 3*3 620.5 4.66
TB 65.7 5.1 613.0 4.01
7 d. LD 64.6 4.3 672.8 13.02
SM 18.1 10.9 559.0 1 .98
TB 24.9 13.7 512.8 6.09
aLD—longiss im us d o r s i ; SM—semimembranosus; 
TB— t r i c e p s  b r a c h i i . .
Between s in g le  d u p l ic a te s  of t o t a l  sample.
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TABLE 5. Total nitrogen recovered during fractionation of
acid mucopolysaccharides. Expressed as mg nitrogen per
4 g dried, defatted sample.
Animal
No.
Time „ F ra c t io n  of NaCl
P o s t -
Mortem
Muscle 0 .05 M 0 .5  M 1.25M 1 .5  M 2.0M
1 h r . LB 58.1 99.0 5.6 0 .1 0.1
SM 58.1 94.4 6.0 0 .1 0.0
TB 54.8 72.5 6.2 0 .1 0.0
7 d. LB 36.3 87.5 6.0 0 .1 0.0
SM 37.1 93.8 7.4 0 .1 0
TB 47.5 94.4 5.4 0 .1 0 .1
1 h r . LB 48.5 96.8 5.2 0 .1 0
SM 56.8 1 0 3 . 8 6.0 0.1 0
TB 86.1 105.7 6.0 0 .1 0.1
7 d. LB ■68.6 100.6 5.9 0 .1 0
SM 78.5 98.1 5.9 0 .1 0 .1
TB 81.7 98.1 6.8 0.1 0 .1
1 h r . LB 52.0 88.1 6.2 0.1 0 .1
SM 43.2 95.4 5.4 0.1 0
TB 49.5 97.5 5.8 0 0
7 d. LB 72.8 55.9 4.8 0.1 0 .1
SM 94.2 51.6 3.5 0 .1 0
TB 42.3 78.1 5.4 0 0
1 h r . LB 62.8 80.6 3.5 0 .1 0 .1
SM 62.0 82.8 . 5.8 0.1 0.1
TB 37.5 46.9 3.1 0 .1 0 .1
7 d. LB 27.8 73.8 5.4 0.1 0.1
SM 70.8 74.4 5.8 0 .1 0
TB 63.4 88.8 4.9 0 0
1 h r . LB 49.0 88.8 7.4 0.1 0
SM 28.3 78.8 6.7 0 0
TB 34.8 86.3 7.6 0 .2 0 .1
7 d. LB .34.3 71.3 7 .8 0.1 0
SM 37.8 80.6 7.9 0.1 0











P o s t -
Mortem
Muscle8,
F ra c t io n  of NaCl
0.05  M 0 .5  M 1.25M 1 .5  M 2.0M
1-39 1 h r . LD 41.5 93.2 5.0 0.1 0 .1
SM 40.3 86.3 6.1 0 .1 0
TB
7 d. LD 59.8 66.3 3.9 0 o •
SM 44.3 83.8 5.6 0 .1 0 .1
TB 57.0 86.3 6.2 0 0 .1
127 1 h r . LD 52.3 88.8 5.8 0 0 .1
SM 48.5 80.6 4.5 0 .1 0 .1
TB 38.3 66.9 5.4 0 0 .1
7 d. LD 44.8 73.1 5.9 0 .2 0 .1
SM 43.8 75.6 5.0 0 .1 0.1
TB 38.5 81.9 5.0 0 .2 0 .1
140 1 h r . LD 35.8 81.3 5.5 0 .1 0 .1
SM 53.3 81.9 6.0 0.1 0 .1
TB 65.3 77.5 7 .5 0 0
7 a . LD 73.8 68.7 6.3 0 0 .1
SM 64.4 70.6 6.2 0 .1 0.1
TB 58.8 83.8 6.9 0 .1 0
46 1 h r . LD 54.5 81.9 7 .4 0 .1 0 .1
SM 27.9 67.5 11.7 0 0 .2
TB 59.5 74.4 6.8 0 .2 0 .1
7 a . LD 76.7 77.5 7.0 0 .1 0 .1
SM 70.9 88.8 7.4 0.1 0 .1
TB 57.0 85.6 7 .3 0.1 0 .1
—longiss im us  d o r e i ;. SM— semimembranosus; 
— t r i c e p s  b r a c h i i .
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TABLE 6. Hexosamine recovered during extraction of acid




Time F ra c t io n  of NaCl
P o s t -
Mortem
Muscle 0 .05  M 0.5  M 1.25M 1.5M 2.0 M
1 h r . LB 117.4 217.0 72.1 1 .3 4.9
SM 189.1 238.7 80.6 1.5 2.5
TB 242.4 191.5 92.5 2.0 11.7
7 d. LB 127.2 211.1 64.9 1.7 1 .2
SM 120.5 207.0 67.8 1.5 0
TB 115.9 203.5 75.1 2.7 0.9
1 h r . LB 208.5 218.2 86.0 2.0 0 .6
SM 217.4 210.9 111.3 2.4 0
TB 202.0 214.9 88.4 0 0.9
7 d. LB 240.5 271.1 102.1 3.8 0
SM 273.5 291.3 114.4 3.5 1 .2
TB 319.5 263.6 108.1 4.1 1 .5
1 h r . LB 160.8 286.4 74.2 2.0 0.9
SM 209.7 290.5 81.9 3.3 0 .3
TB 228.2 3 2 1 .1 75.0 4.4 3.8
7 d. LB 123.5 229.7 65.4 3.8 0 .1
SM 245.3 199.7 76.7 5.1 2.3
TB 332.4 242.8 75.8 37.9 0
1 h r . LB 210.5 196.1 40.4 2.8 1 .2
SM 194.5 251.8 66.8 3.3 0 .4
TB 226.8 212.8 61.3 3.0 0
7 d. LB 171.1 211.3 75.6 4*4 0
SM 221.1 330.0 55.9 4.3 0
TB 232.4 2 3 8 . 1 81.9 5.1 0
1 h r . LB 249.3 182.4 75.4 2.0 2.0
SM 206.6 227.6 87.7 4.9 0
TB 315.1 263.6 100.1 6.1 0
7 d. LB 192.9 219.0 74.8 4.3 3.2
SM 235.6 171.1 75.8 78.9 0 .3











P o s t -
Mortem
Muscle8,
F ra c t io n  of NaCl
0 .05  M 0 .5  M 1.25  M 1.5  M 2.0M
L-39 1 h r . LD 207.4 234.0 55.3 3.0 0 .0
SM 204.8 235.6 67.8 4.4 0 .5
TB
7 d. LD 295.2 240.0 90.1 4.8 0 .5
SM 233.5 194.3 68.8 4.8 0 .0
TB 236.6 214.8 77.6 7 .2 0 .9
127 1 h r . LD 278.1 267.9 88.3 5.4 0 .5
SM 273.4 238.9 66.6 6.3 1 .6
TB 286.7 282.8 94.8 6 . 4 1 .2
7 d. LD 3 1 0 . 2 .339.2 101.3 4.3 . 1 .6  •
SM 270.3 271.9 78.2 4.8 0 .5
TB 237.7 260.9 82.7 - 4.1 0 .3
140 1 h r . LD 249.5 325.9 100.1 4.1 0 .9
SM 284.4 271.9 8 4 . 8 3.4 0
TB 326.6 295.3 100.5 5.6 0 .5
7 a. . LD 287.3 247.9 89.1 4.4 0
SM 289.7 174.6 93-5 4.3 1 .4
TB' 264.0 271.9 1 0 3 . 8 7.1 1.1
46 1 h r . LD 219.5 164.9 73.2 3.5 0
SM 215.6 287.3 100.1 5.7 0
TB 231.4 225.8 80.5 4.3 0.9
7 d. ■ LD 266.8 206.1 81.9 3.5 0.7
SM 251.9 234.5 85.7 2.8 0 .9
TB 246.3 2 3 2 . 2 87.5 1 .8 2.5
Q
LD—longiss im us d o r s i ; SM— semimembranosus; 
TB— t r i c e p s  b r a c h i i .
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FIGURE 1 .  O p t ica l  d e n s i ty  of  chromogen formed when mucopolysaccharide samples were 
analyzed fo r  hexosamines a f t e r  hydro lyz ing  f o r  v a r io u s  le n g th s  of time and i n  
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2.5 to
FIGURE 2. Typical  s tan da rd  curve f o r  hexosamine d e te rm in a t io n .
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